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A composition and method for producing plants with
increased biomass and growth characteristics, and plants
which flower early relative to wild-type plants. The MtNIP
gene is over-expressed in plants to increase biomass, growth,
and early flowering. Other genes in the NRT1/PTR family
may also be over-expressed to increase biomass, growth, and
early flowering.
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MTNIP REGULATED PLANTS WITH
SIGNIFICANTLY INCREASED SIZE AND
BIOMASS

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 61/554,836, filed Nov. 2, 2011, entitled
“MINIP REGULATED PLANTS WITH SIGNIFICANTLY
INCREASED SIZE AND BIOMASS,” having Rebecca
Dickstein et al., listed as inventors and the entire content of
which is hereby incorporated by reference.

FEDERALLY SPONSORED RESEARCH

This invention was made in part during work supported by
a grant from the National Science Foundation, grant #10S-
0923756. The government has certain rights in the invention.

JOINT RESEARCH AGREEMENTS

Not Applicable.

SEQUENCE LISTING

Incorporated by reference in its entirety herein is a com-
puter-readable nucleotide sequence listing submitted concur-
rently herewith and having the following listed sequences:
SeqID No.: 1-SeqID No.: 29.

FIELD OF THE INVENTION

One aspect of the present invention relates generally to
creating transgenic plants, and more specifically to the
expression of the MINIP (also called MINIP/LATD and
MtLATD/NIP) gene in plants to increase the biomass and size
of'the plants, and to cause earlier flowering, relative to wild-

type plants.
BACKGROUND

All plants require nitrogen (N) as an essential nutrient and
are able to acquire N from nitrate (NO;~) and ammonium
(NH,") in the soil. Nitrate acquisition begins with its trans-
port into root cells, accomplished by NO,™ transporters. Soil
NO,~ concentrations can vary by five orders of magnitude
and plants have evolved both high-affinity (HATS) and low-
affinity (LATS) nitrogen transport systems. These systems
are encoded by two distinct gene families: the phylogeneti-
cally distinct NRT1(PTR) and NRT2 families. Members of
these families also participate in movement of NO;~ through-
out the plant and within plant cells. Proteins in the CL.C
transporter family also transport NO, ™; these transporters are
associated with cytosol to organelle NO;~ movement.

The nitrogen transporter “NRT1(PTR)” is a large family of
transporters, comprising 53 members in Arabidopsis, 84
members in rice, with NRT1(PTR) members known in sev-
eral other species. In addition to transporting NO;~ coupled to
Fr movement, members of the NRT1(PTR) family have been
found be a peptide transporter (PTR) capable of transporting
di- or tripeptides, amino acids, dicarboxylic acids, auxin,
and/or abscisic acid. One aspect of the current invention
utilizes transgenic plants constitutively expressing a NRT1
(PTR) proteins to increase the biomass of plants and/or to
decreasing the time needed to grow plants from seed until
plants are mature enough to reproduce (flowering).
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The plant biomass grown for commercial use is derived
from a broad range of crops. Although a majority of crops
around the world are grown for food resources, one use for the
non-food portions a plant biomass is a renewable source of
energy. This is typically conducted by converting the plant
biomass into a biofuel. Well managed biomass systems con-
tinually grow/replace biomaterial. Biomass energy systems
use different conversion and processing technologies to pro-
duce solid, liquid and gaseous biofuels. The plant from which
the biomass is derived impacts which processes can be used to
covert it to fuel, and also the efficiency of the resulting fuel.
Furthermore, different crops and processes will yield difter-
ent types and volumes of biofuels.

Because biomass can be used to create biofuels, methods of
developing plants with increased biomass are of great interest
to agricultural researchers and corporations. Moreover, some
genetically modified plants that are expressing recombinant
proteins have been shown to produce higher yield of biomass.
While the number of crops genetically modified to have
increased resistance to herbicide, insects, and drought condi-
tions has grown significantly over the past decades, there has
not been a similar increase in plants developed specifically to
increase biomass.

In the US, renewable energy contributes around 7% to the
national energy consumption, and nearly half of this renew-
able energy is derived from biomass. Currently, forests pro-
vide around 129 m dry tons of biomass annually, while agri-
culture provides a further 176 m dry tons. However, according
to a study by the US Department of Agriculture and the US
Department of Energy (DOE) these two sources could pro-
vide up to one billion dry tons (around 940,000 dry tons) of
feedstock each year. On this basis biomass could supply 15%
of US energy consumption by 2030. The US has a goal of
generating one-third of all its liquid fuel from renewable
resources by the year 2025, which could require up to 1
billion tons of biomass annually.

The Medicago truncatula (Medicago) MINIP gene
encodes a protein found in plants that is essential for symbi-
otic nitrogen-fixing root nodule and lateral root development
(Veereshlingam et al., 2004; Yendrek et al., 2010). Plants that
have defects in the MtNIP gene are able to initiate, but are
unable to complete the development of, symbiotic nitrogen-
fixing root nodules. These plants also have lateral roots that
are incompletely formed (Veereshlingam et al., 2004). FIG. 1
shows the phenotypes observed.

Three mutant alleles of the MtNIP gene have been identi-
fied: nip-1, latd (nip-2) (Bright et al., 2005) and nip-3 (Teillet
etal., 2008). Using these 3 alleles, one of the present inventors
led a team of researchers to carry out a positional, map-based
approach to clone the MINIP gene (also called NIP/LATD or
LATD/NIP) (Yendrek et al., 2010).

The MtNIP gene encodes a protein in the NRT1(PTR)
transporter family (Yendrek et al., 2010), primarily composed
of proton-coupled low affinity nitrate and di- and tri-peptide
transporters (Tsay et al., 2007) (FIG. 2). The family also
includes a dicarboxylate transporter (Jeong et al., 2004).
Recently, the dual affinity nitrate transporter AtNRT1.1, also
called CHL1 because of its ability to transport the herbicide
chlorate, has been show to function as a nitrate sensor (Ho et
al., 2009; Wang et al., 2009) and as an auxin transporter
(Krouk et al., 2010).

One aspect of the present invention provides a means of
increasing the biomass of plants, as compared to wild-type
plants, by over-expressing the MtNIP gene in the plants.
Although not wanting to be bound by theory, this finding has
implications for genetically engineering crop plants to have
greater yield, and also has implications for genetically engi-
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neering plants that might be used in production of biofuels, as
well as increasing yield for food, fiber and industrial applica-
tions.

Arabidopsis thaliana, a dicot, was adopted by the scientific
community as a plant model, with the underlying assumption
that for most physiological, developmental and genetic pro-
cesses, it would behave like other plants. It is now considered
the reference plant (NSF, 2002; Flavell, 2005). Knowledge
gained through the use of Arabidopsis would be applicable to
all plants, including crop plants, even though many crop
plants are monocots. This is based on evolutionary principles
that state that beneath the diversity present in plants that there
are core processes and genetic mechanisms that are con-
served among all plants (Flavell, 2005). Large scale genome
sequencing of the much larger genomes in crop species has
begun to show that these species have conserved genes with
Arabidopsis, although there are frequent gene rearrange-
ments and gene duplications when one compares Arabidopsis
to a crop species (Ware and Stein, 2003; Flavell, 2005). There
are numerous examples of genes being tested first in Arabi-
dopsis, because Arabidopsis is fast, and subsequent testing in
a crop species, leading to improvement of the crop species:
(Bhatnagar-Mathur et al.,, 2008; Manavalan et al., 2009;
Valente et al., 2009; Hussain et al., 2011).

Other examples of Arabidopsis genes being used to
improve crop plants or Arabidopsis research paving the way
for translational changes in crop plants can be found in Zhang
et al (2004) (Zhang et al., 2004). The article lists specific
examples of specific genes that were tested first in Arabidop-
sis and have been used to improve the crop plants Brassica
rapus, tomato, rice, wheat, strawberry, maize and tobacco.
More recent examples show that ERF transcription factor
genes that are involved in regulating stress responses in Ara-
bidopsis have been transformed into crop plants rice (Gao et
al., 2008; Zhang et al., 2010; Zhang et al., 2010), tomato, and
tobacco (Zhang and Huang, 2010), forage clovers (Abogada-
llah et al., 2011), and alfalfa (Jin et al., 2010), with benefits to
the recipient crop plant. In these cases, the transferred gene
did not always come from Arabidopsis, but the groundwork
experiments were done in Arabidopsis. Although not wanting
to be bound by theory, the behavior of MtNIP-transformed
Arabidopsis plants will predict other plants that have MtNIP-
transformed into them, or are MtNIP-transformed.

SUMMARY

Broadly, one aspect of the present invention involves cre-
ating a transgenic plant, where one or more cells of a parent
plant of the transgenic plant have been transformed with a
vector containing a certain gene. Another aspect of the
present invention pertains to the discovery that over-expres-
sion of the MtNIP gene in a plant causes the plant to develop
a significant increase in biomass and size, as well as earlier
flowering, as compared to those of wild-type plants or parent
plants of the transgenic plants. In one embodiment, the
MINIP gene was over-expressed in the model plant Arabi-
dopsis thaliana. In another embodiment, the gene has a modi-
fied gene sequence of SEQ ID NO:2 or SEQ ID NO:8.

In other embodiments of the invention, other genes in the
NRT1(PTR) family may be over-expressed in plants to result
in increased biomass, plant growth, and early flowering, as
compared to wild-type plants or parent plants. The gene may
be one of the 53 members of the NRT1/PTR family Arabi-
dopsis or the 80 members in rice or other genes in the NRT1
(PTR) family in other plants.

A first aspect of the current invention includes a transgenic
plant having a promoter nucleotide sequence that is capable

10

15

20

25

30

35

40

45

50

55

60

65

4

of initiating transcription of an operably linked heterologous
nucleic acid sequence in a plant cell, wherein the operably
linked heterologous nucleic acid sequence expresses a pro-
tein in the NRT1(PTR) transporter family. Although not
wanting to be bound by theory, the promoter need only be
capable of initiating transcription of an operably linked het-
erologous gene in the plant cell, the sequence or origine of the
promoter is not vital. However, in a first preferred embodi-
ment the promoter nucleotide sequence has at least 95%
identity to SEQ ID NO:22 or SEQ ID NO.: 29. The promoter
nucleotide sequence and the operably linked heterologous
nucleic acid sequence expressing the NRT1(PTR) transporter
family protein have at least 95% identity to SEQ ID NO:23 or
SEQ ID No.: 25. In a second preferred embodiment, the
operably linked heterologous nucleic acid sequence has at
least 95% identity to SEQ ID NO: 2; or SEQ ID NO: 8. In a
third preferred embodiment, the plant cell comprises an Ara-
bidopis thaliana plant cell; a M. truncatula plant cell; or a
tobacco plant cell. A quality of the transgenic plant is the
biomass of the transgenic plant increases over a period of time
when compared to a non-transformed plant of a same plant
family phylum for the same period of time. Additionally, a
seed of the transgenic plant, or parts thereof are include in the
present invention.

A second aspect of the current invention includes a method
for increasing the biomass of a plant. Generally, the method
comprises transforming the plant with a vector capable of
initiating transcription of an operably linked heterologous
nucleic acid sequence in a plant cell, wherein the operably
linked heterologous nucleic acid sequence expresses a pro-
tein in the NRT1(PTR) transporter family. One preferred
embodiment of this aspect of the invention includes a step of
selecting a promoter nucleotide sequence having at least 95%
identity to SEQ ID NO:22 or SeqID No.: 29 to be used for
initiating the transcription of the operably linked heterolo-
gous nucleic acid sequence. A second preferred embodiment
of'includes an additional step of selecting the operably linked
heterologous nucleic acid sequence to express the NRT1
(PTR) transporter protein having an amino acid comprising at
least 95% identity to SEQ ID NO: 2; or SEQ ID NO: 8.
Additionally, further steps of selecting the vector comprising
at least 95% identity to SEQ ID NO: 26; SEQ ID NO: 27; or
SEQ ID NO: 28; have been used. In another preferred
embodiment, the method further comprises a step of selecting
the plant from an Arabidopis thaliana plant family phylum; a
M. truncatula plant family phylum; or a tobacco plant family
phylum. When a step of comparing the biomass of the trans-
genic plant over a period of time is compared to a non-
transformed plant of a same plant family phylum for the same
period of time, the biomass of the transgenic plant is
increased. Similarly, a flowering event of the transgenic plant
occurs at an earlier period of time when compared to a non-
transformed plant of a same plant family phylum for the same
period of time. Moreover, the number of overall root nodules
in the transgenic plant is increased over a period of time when
compared to a non-transformed plant of a same plant family
phylum for the same period of time, and a proliferation of
lateral roots in the transgenic plant grown in low nitrogen
conditions is increased over a period of time when compared
to a non-transgenic plant of a same plant family phylum for
the same period of time.

A third aspect of the current invention is a method for
generating transgenic seeds for plants having an increased
biomass or early flowering potential. The method comprises
the steps o: (a) multiplying plant cells that contain at least one
genetic transformation event of interest and which are
capable of regeneration; wherein the genetic transformation
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event comprises incorporating a promoter nucleotide
sequence that is capable of initiating transcription of an oper-
ably linked heterologous nucleic acid sequence expressing a
protein having at least 97% identity to SEQ ID NO 8 into said
plant cells; (b) selecting the plant cells that comprise at least
one genetic transformation event of interest; (c) regenerating
whole transgenic plants, termed primary transformants, or T,
plants, from said plant cells; (d) pollinating said primary
transformants with non-transgenic pollen; (e) harvesting the
seeds obtained, termed T, which have integrated at least one
transgene of interest; (f) sowing said transgenic T, seeds and
pollinating the plants which result therefrom, either by self-
pollination or by free pollination; and (g) harvesting the T,
seeds. A preferred embodiment includes an additional step of
carrying out post-harvest phenotypic sorting of the T, seeds.
An additional preferred step includes selecting an Arabidopis
thaliana plant cell; a M. truncatula plant cell; or a tobacco
plant cell for genetic transformation.

A fourth aspect of the current invention is an isolated
transformation vector construct having a promoter region and
an expression region having at least 95% homology with
SeqlID No.: 23, SeqlD No.: 24, or SeqlD No.: 25.

A fifth aspect of the current invention uses an isolated
transformation vector construct having at least 95% homol-
ogy with SeqID No.: 26, SeqlD No.: 27, or SeqID No.: 28.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifica-
tion and are included to further demonstrate certain aspects of
the present invention. The invention may be better understood
by reference to one or more of these drawings in combination
with the detailed description of specific embodiments pre-
sented herein.

FIG. 1 shows the phenotype of nip-1 and wild-type (A17)
plants 15 days post inoculation (dpi) with Sirnorhizobium
meliloti. Plants were grown in aeroponic chambers and
placed on an agar support for photography. Panel A shows
Wild-type plants. Bar=5.0 cm. Panel B shows, nip-1 plants.
Bar=5.0 cm. Panel C shows Wild-type primary root with
emergent lateral roots. Bar=1.0 mm. Panel D shows nip-1
lateral root primordium. Bar=0.25 mm. Panel E shows Wild-
type nodule. Bar=0.50 mm. Panel F shows nip-1 nodules/
bumps. (Note the presence of a dark pigment at the distal ends
of the nodules. Bar=0.50 mm.

FIG. 2 Panel A shows MINIP in the NRT1(PTR) trans-
porter family. The phylogeny was created with MtNIP’s
deduced amino acid sequence with the 53 members of the
Arabidopsis NRT1(PTR) family, by the neighbor joining
method. The white arrow points to MtNIP; black arrow points
to CHL(NRT1.1). Proteins identified by a capital (R) have
been shown to encode nitrate transporters; those identified by
a capital (G) encode di- and tri-peptide transporters. The
clades are numbered as in Tsay et al. 2007. MtNIP protein
belongs to a Glade that includes nitrate transporters. Panel B
shows summarizes NIP gene and known mutants nip-1, latd
(nip-2), and nip-3.

FIG. 3 shows nitrate uptake in Xenopus oocytes expressing
MINIP. Xenopus oocytes were microinjected with MtNIP
mRNA or water as a negative control, incubated for 3 days,
then incubated for the indicated times in media containing
0.25 mM (250 uM) or 5 mM nitrate at the indicated pH. The
oocytes were lysed and nitrate was determined using a spec-
trophotometric assay (Cayman Chemical, Ann Arbor, Mich.).
The results show that MtNIP-expressing oocytes take up
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nitrate at low concentrations, in a pH-dependent manner,
consistent with MtNIP being a high-affinity, proton-coupled
nitrate transporter.

FIG. 4 shows nitrate uptake in Xeropus oocytes expressing
MINIP or mutant NIP mRNAs. Xeropus oocytes were micro-
injected with MtNIP mRNA, mutant MtNIP mRNA or water
as a negative control, incubated for 3 days, then incubated for
the indicated times in media containing 0.25 mM or 5 mM
nitrate, at pH 5.5, as in FIG. 2. Nitrate was assayed as in FI1G.
2. The results show that while neither nip-1 nor nip-2 (latd)
mutant proteins are capable of transporting nitrate, the nip-3
mutant protein transports nitrate as well as wild-type NIP.
Since the nip-3 mutant has a nodulation and lateral root phe-
notype, NIP protein has another function besides nitrate
transport.

FIG. 5 shows that MtNIP complements the Arabidopsis
chl1-5 mutant for chlorate sensitivity. Arabidodpsis chll-5
plants were transformed with a construct containing MtNIP
c¢DNA under the control of the Arabidopsis EF1 a promoter,
pAtEF1 a-MtNIP or a positive control construct containing
the Arabidopsis AINRT1.1 gene under the same promoter,
pAtEF1 a-AtNRT1.1. The plants were treated with chlorate
as described in Tsay et al. 1993. The MtNIP gene was able to
confer chlorate sensitivity on chll-5 plants, similar to the
AINRT1.1 gene.

FIG. 6 shows the phenotype of pAtEF1a-MtNIP express-
ing plants, with controls. The growth of Arabidopsis plants
transformed pAtEF1a-MtNIP and control plants not trans-
formed with pAtEF1a-MtNIP at 8 weeks is shown. Plants
were grown on Sunshine mix (Sun Gro Horticulture, Belle-
vue, Wash.) at 22 C on 16 h/8 h light/dark cycle. They were
fertilized 3 weeks post-germination with Peter’s 20/20/20
(Scotts, Charleston, S.C.). Plants labeled #1 and #2 represent
independently transformed lines. It is readily apparent that
pAtEF1a-MtNIP expression yields plants with greater bio-
mass that flower earlier than the controls.

FIG. 7 shows Nitrate uptake in Medicago. Wild-type Al17,
Mtnip-1 and Mtnip-3 plants were placed in solutions contain-
ing 250 uM (panel A) or 5 mM (panel B) nitrate. Nitrate
uptake was monitored by its uptake from the media at 2 hr
intervals. Data are plotted for one biological replicate plus or
minus the standard error of the mean.

FIG. 8 shows Lateral root lengths of Medicago plants
grown in different conditions. Wild-type A17 (solid bars),
Mtnip-1 (white bars) and Mtnip-3 (horizontally striped bars)
were grown in liquid BNM media with no added NO;~ (panel
A), with 250 uM KNO; (panel B) or with 5 mM KNO, (panel
C), with the media changed every other day. Lateral root
lengths were measured after 2 weeks. Data are shown for one
biological replicate plus or minus the standard error of the
mean, n=5. Replicates gave similar results. Asterisks mark
lateral root lengths from plants grown at 250 uM KNO; and 5
mM KNO,; that are significantly different from the same
genotype grown at 0 mM KNO;, using Student’s t-test at
p<0.05.

FIG. 9 shows Nitrate uptake in Xenopus oocytes expressing
MINIP/LATD. Oocytes were microinjected with MtNIP/
LATD mRNA (black bars, +) or water as a negative control
(white bars, -), incubated for 3 days, then placed for the
indicated times in media containing 250 uM or 5 mM NO;~ at
pH 5.5 or 7.4. The oocytes were rinsed, lysed and assayed for
NO; ™ uptake. Panels A, C, 250 uM NO;™. Panels B, D, 5 mM
NO,™. Panels A, B, pH=5.5. Panels C, D, pH=7.4. Data are
shown for one biological replicate plus or minus the standard
deviation; n=3-5 batches of 4-6 oocytes per batch. Asterisks
mark NO;~ uptake significantly different from the negative
control, using Student’s t-test at p<0.05. Similar results were
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obtained in more than 5 repetitions of the experiment. Panel
E, Michaelis-Menten plot of oocyte NO,~ uptake. MtNIP/
LATD-injected oocytes (squares) or water-injected oocytes
(circles) as control were incubated for 3 h in 50 uM to 10 mM
NO;™ in batches of 5, and assayed for NO;~ uptake. Results
for two biological replicates are indicated by the black and
gray symbols, with bars showing the standard deviations. All
NO;~ uptake was significantly different from the negative
control, using Student’s t-test at p<<0.05, except for that at 50
uM. Panel F, Hanes-Woolf plot of averaged NO;~ uptake
data, in MtNIP/LATD-injected oocytes minus water-injected
oocytes, presented in panel E.

FIG. 10 shows Nitrate uptake in Xeropus oocytes express-
ing MtNIP/LATD or mutant Mtnip/latd mRNAs. Oocytes
were microinjected with MINIP/LATD mRNA, mutant
mRNA or water as a negative control, incubated for 3 days,
then placed for the indicated times in media containing S mM
or 250 uM nitrate, at pH 5.5, and assayed for nitrate uptake.
Panel A, 5 mM nitrate. Panel B, 250 uM nitrate. Panel C. 5
mM nitrate. Oocytes expressing wild-type MtNIP/LATD
(black bars), Mtnip-1 (white bars), Mtnip-3 (horizontally
striped bars), Mtlatd (hatched bars) or water as a negative
control (diagonal striped bars) are shown. Data are shown for
one biological replicate plus or minus the standard deviation;
n=3-5 batches 0f4-6 oocytes per batch. Asterisks mark nitrate
uptake that is significantly different from the negative control,
using Student’s t-test at p<0.05. Similar results were obtained
in more than 3 repetitions of the experiment.

FIG. 11 shows MtNIP/LATD complements the chlorate
insensitivity phenotype of the Arabidopsis chll-5 mutant.
Arabidodpsis chll-5 plants were transformed with a construct
containing MtNIP/LLATD c¢DNA under the control of the Ara-
bidopsis EF1 apromoter, pAtEF1 a-MINIP/LATD or a posi-
tive control construct containing the Arabidopsis AINRT1.1
gene under the same promoter, pAtEF1 a-AtNRT1.1. The
plants were treated with chlorate, a NO,™ analog that can be
converted to toxic chlorite after uptake, as described in Tsay
et al. 1993. Panel A: Arabidopsis Col-0 plants. Panel B:
Arabidopsis chll-5 plants. Panel C: Arabidopsis chll-5/
pAtEF10-AINRT.1.1 plants. Panel D: Arabidopsis chll-5/
pAtEF1a-MtNIP/LATD plants. Bars='4 inch. The MtNIP/
LATD gene was able to confer chlorate sensitivity on
Arabidopsis chll-5 plants, similar to the AINRT1.1 gene.

FIG. 12 shows Arabidopsis NRT1.1 partially complements
the Medicago nip-1 mutant for its root architecture pheno-
type. Medicago nip-1 and control wild-type composite plants
transformed with pAtEF1a-AtNRT1.1 or empty pCAM-
BIA2301 vector, as a control, were grown in aeroponic cham-
bers, inoculated with S. meliloti containing a constitutive lacZ
gene, and grown in 16/8 h light/dark at 22 C. At 15 days
post-inoculation, root architecture characteristics were evalu-
ated. Panels A, B, C, D show the appearance of the roots.
Bars=10 mm. A: A17, empty vector. B: A17, pAtEF1a-At-
NRT1.1. C: nip-1, empty vector. D. nip-1, pAtEFla-At-
NRT1.1. Panels E-G: Quantitation of primary root length (E),
lateral root number (F), and lateral root length (G); averaged
values with the standard deviation are plotted; n=5. Asterisks
mark root attributes that are significantly different from the
negative control, using Student’s t-test at p<0.01. Solid bars:
Al7, empty vector. Vertically striped bars; A17, pAtEF1a-
AtNRT1.1. diagonal striped bars: Mtnip-1, empty vector.
White bars. Mtnip-1, pAtEF1a-AINRT1.1.

FIG. 13 shows Arabidopsis NRT1.1 does not complement
the Medicago nip-1 nodule phenotype. Medicago nip-1 and
control wild-type composite plants transformed with
pAtEF10a-AtNRT1.1, empty vector pPCAMBIA2301 as nega-
tive control, or pAtEF1a-MtNIP/LATD were grown in as in
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FIG. 11, with S. meliloti containing a constitutive lacZ gene.
At 15 days post-inoculation, nodule characteristics were
evaluated after staining with X-Gal for localization of rhizo-
bia, which stain blue and are shown as black spots. Panel A,
A17 transformed with empty vector. Panel B, A17 trans-
formed with pAtEF1a.-AtNRT1.1. Panel C. A17 transformed
with pAtEF1a-MtNIP/LATD. Panel D, Mtnip-1 transformed
with empty vector. Panel E, Mtnip-1 transformed with
pAtEF1a-AINRT1.1. Panel F, Mtnip-1 transformed with
pAtEF1a-MtNIP/LATD. Bars=200 um.

FIG. 14 shows a table having MtNIP/LLATD-expressing
oocytes do not take up histidine. For each replicate, eight
oocytes, injected with either MINIP/LATD in vitro-tran-
scribed RNA or with water as a control, were incubated with
uniformly labeled '*C-histidine. Supernatants from lysed
oocytes were derivatized with 6-aminoquinolyl-N-hydrox-
ysuccinimidyl carbamate. Histidine quantitation was accom-
plished using ultra performance liquid chromatography-elec-
trospray ionization-tandem mass spectrometry. See Materials
and Methods for experimental details.

FIG. 15 shows a table of Sequences of oligonucleotide
primers used in this invention.

FIG. 16 shows a Comparison of nitrate uptake in oocytes
expressing MINIP/LATD versus AtNRT1.1. Oocytes were
microinjected with MtNIP/LATD mRNA (black bars),
AINRT1.1 mRNA (horizontally striped bars) or water as a
negative control (gray bars), incubated for 2 days, then placed
in media containing 250 pM or 5 mM NO,~ at pH 5.5. The
oocytes were rinsed, lysed and assayed for NO;~ uptake.
Panel A, 250 tM NO;~. Panel B. 5 mM NO,~. Data are shown
for one biological replicate plus or minus the standard devia-
tion; n=5 batches of 4-6 oocytes per batch. Asterisks mark
NO, ™ uptake significantly different from the negative control,
using Student’s t-test at p<0.05. Similar results were obtained
in two repetitions of the experiment.

FIG. 17 shows MtNIP/LATD complements the chlorate
insensitivity phenotype of the Arabidopsis chll-5 mutant.
Arabidopsis chll-5 plants were transformed with a construct
containing MtNIP/LLATD ¢DNA under the control of the Ara-
bidopsis ET1opromoter, pAtEF1a-MtINIP/LATD or a posi-
tive control construct containing the Arabidopsis AtNRT1.1
gene under the same promoter, pAtEF1a-AtNRT1.1. All
plants were treated with chlorate as described in Tsay et al.
1993. Plants in panels A-D were handled together as were
plants in panels E-H. A, Arabidopsis Col-0. B, Arabidopsis
chll-5. C, Arabidopsis chll-5/pAtEF1a-AtNRT1.1 D, Ara-
bidopsis chll-5/p AtEF1a-MINIP/LATD, transformant 1. E,
Arabidopsis Col-0. F, Arabidopsis chl-5. G, Arabidopsis
chl1-5/pAtEF1a-MtNIP/LATD-1. H, Arabidopsis chll-5/
pAtEF1a-MtNIP/LATD transformant 2. The MtNIP/LATD
gene was able to confer chlorate sensitivity on Arabidopsis
chl1-5 plants, similar to the AtINRT1.1 gene.

FIG. 18 shows AgDCAT1 does not complement the
Mtnip-1 mutant. Medicago nip-1 and control A17 wild-type
composite plants transformed with pMINIP/LATD-MtNIP/
LATD, pMINIP/LATD-AgDCAT1, or empty vector pCAM-
BIA as negative control, were grown as in FIG. 5. Panels A
and D, Mtnip-1 transformed with empty vector. Panels B and
E, Mtnip-1 transformed with pMtNIP/LATD-MtNIP/LATD.
Panels C and F, Mtnip-1 transformed with pMtNIP/LATD-
AgDCAT1. Panels A-C, roots; bars=5 mm. Panels D-F, nod-
ules; blue but represented as a black color indicates rhizobia
stained with X-Gal; bars=200 um. Panel G. Quantitation of
lateral root length. Averaged values with the standard devia-
tion are plotted; n=5. Black bars: A17, empty vector. Vertical
striped bars: Al17, pMINIP/LATD-AgDCAT1. Horizontal-
stripped bars: Mtnip-1, pMNIP/LATD-MINIP/LATD.
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Diagonal-stripped bars, Mtnip-1, empty vector. White bars:
Mtnip-1, pMtNIP/LATD-AgDCAT1.

FIG. 19 shows a Table of Nodulation in the absence and
presence of N sources. In each experiment, wild-type A17 and
Mtnip-1 plants were grown in the same aeroponic chamber in
the given N regime, as described in Materials and Methods.
For each experiment, 7 to 11 plants of each genotype were
evaluated. Nodules were counted at 15 days post inoculation
(dpi). Data are presented as the mean number of nodules per
plant plus or minus the standard error of the mean.

FIG. 20 shows a Table of Fresh weight and chlorophyll
content of chlorate treated Arabidopsis plants. Plants were
grown in vermiculite: perlite (1:1) and irrigated with media
containing 5 mM NO,~ for 5-7 days. Plants were then irri-
gated with C10,™-containing media without NO;~ for 3 days,
and subsequently with media lacking both C10;~ and NO;™.
Fresh weight and chlorophyll content were obtained from
plants 7-10 days after C10;™ treatment. Each data point rep-
resents 7-9 plants. Two independent replicates gave similar
results.

FIG. 21 shows a comparison of wild-type non-transformed
Arabidopsis and Arabidopsis constitutively expressing
MINIP/LATD using constitutive AtEF1aPromoter.

FIG. 22 shows a comparison of an Arabidopsis plant con-
stitutively expressing MtNIP-3 and another Arabidopsis plant
constitutively expressing MtNIP-1 wusing constitutive
AtEF1aPromoter.

FIG. 23 Panel A shows a comparison of an Arabidopsis
plant constitutively expressing AtNRT1.1 using constitutive
AtEF1aPromoter, which causes slightly larger plants and
several of the plants to flower earlier. Panel B shows how two
plants constitutively expression gMtNIP/LATD are larger
and flowering earlier than the plant on the right expressing an
unrelated gene GUS.

FIG. 24 shows a comparison of M. Truncatula plants trans-
formed with GUS and M. Truncatula constitutively express-
ing MtNIP/LATD using constitutive AtEF1aPromoter.

FIG. 25 shows a comparison of tobacco plants transformed
with GUS and tobacco plants constitutively expressing
MNIP/LATD.

FIG. 26 shows an illustration of locations of nodules in the
M. Truncatula plant.

FIG. 27 shows a comparison of total nodule number per
plant in wild-type non-transformed M. Truncatula and M.
Truncatula constitutively expressing MtNIP/LATD grown in
different concentrations of KNO,.

FIG. 28 shows a comparison of average number of nodules
located in the primary zone in wild-type non-transformed M.
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Truncatula and M. Truncatula constitutively expressing
MNIP/LATD grown in different concentrations of KNO,.

FIG. 29 shows a comparison of average number of nodules
located in the secondary zone in wild-type non-transformed
M. Truncatula and M. Truncatula constitutively expressing
MINIP/LATD grown in different concentrations of KNO;.

FIG. 30 shows a comparison of average number of nodules
located in the lateral roots in wild-type non-transformed M.
Truncatula and M. Truncatula constitutively expressing
MNIP/LATD grown in different concentrations of KNO;,

FIG. 31 shows comparison of average number of nodules
located in the lateral roots of MtNIP/LATD overexpressing
lines and in wild-type non-transformed M. Truncatula grown
in different concentrations of KNO,.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Broadly, one aspect of the present invention involves cre-
ating a transgenic plant, where one or more cells of a parent
plant of the transgenic plant have been transformed with a
vector containing a certain gene. Generally, it is believed that
the transformation is almost complete. A further aspect of the
present invention includes the discovery that over-expression
of the MINIP gene in a plant causes the plant to develop a
significant increase in biomass. In one embodiment, the
MINIP gene was over-expressed in the model plant Arabi-
dopsis thaliana (Arabidopsis). The transgenic plants have
modified growth characteristics, such as size, biomass, and
flowering time.

In another aspect of the present invention, it is shown that
MINIP protein is a high affinity proton coupled nitrate trans-
porter, and also functions to increase plant biomass as well as
size and to promote early flowering, as compared to those of
wild-type plants or parent plants of the transgenic plants.

DEFINITIONS

The Medicago truncatula (Medicago) MtNIP gene (also
called NIP/LATD or LATD/NIP) encodes a protein in the
NRT1(PTR) transporter family found in plants that is essen-
tial for symbiotic nitrogen-fixing root nodule and lateral root
development. Plants that have defects in the MINIP gene are
able to initiate, but are unable to complete the development of
symbiotic nitrogen-fixing root nodules. The M. truncatula
NIP/LATD gene sequence (SEQ ID No.. 1)
(g112621812501gb1GQ401665.11  Medicago  truncatula
LATD/NIP cDNA, complete cds) is as follows:

ATGGAGTACACAAACAGTGATGATGCTACAAATGAAAAACTCATTGAAAATGGCAGCTCTTCATCATCTT

CTCAACCGAGAAAGGGTGGTTTAAGAACCATGCCCTTTATCATAGTGAATGAGTGTCTTGAGAAAGTGGC

AAGTTATGGAATAATGCCAAACATGATATTATACT TGAGGGATGATTATAACATGCCTATTGCTAAGGCT

AGTTATGTTCTTTCTACTTGGTCTGCTATGTCCAATGTTTTGTCCATCTTTGGTGCTTTTCTCTCTGATT

CTTACTTGGGTCGCTTCAATGTCATCACTATTGGCTCCTTTTCTAGCCTTCTTGGTTTAACCGTTTTGTG

GTTAACTGCCATGATCCCGGTGCTAAAACCTACCTGTGCATCACTCTTTGAAATCTGTAATTCTGCTACT

TCATCCCAACAAGCAGTTCTGTTCCTTTCCTTAGGATTAATTTCAATTGGAGCTGGTTGTGTTAGACCTT

GTTCCATAGCCTTTGGAGCAGAGCAATTGACTATTAAGGGAAATTCTGGTGATGGGAATGGCAGGATCTT

GGATAGTTACTTTAATTGGTATTATACCTCAATTTCAGTTTCAACCATTATCGCGTTGAGTGTGATTGCT

TACATTCAAGAAAACCTTGGATGGAAAATTGGGTT TGGAGTACCTGCTGTGCTAATGCTCGTATCGGTCA
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-continued
TCAGTTTCATTATTGGT TCACCGTTATATGTCAAAGTGAAGCCAAGTGARAGC TTACTCACTAATTTTGC

AAGAGTAGTTGTGGTGGCAACCAAGAACAGAAAACTTAGTCTTCCTGATGACGACTCTGATCGTTACTGT
CAAGGTCATGATTCAAAGCTGAAGGTTCCTACCGATAGCCTTAGGTTTTTGAACAAAGCTTGCGTAATAA
GAAATCCTGAGACAGATCTTAATCGAGATGGGTCAATTTCAAATCCGTGGAACCTATGCACAATAGAACA
GGTGGAGTCACTGAAGTCTTTGCTCAGAGTCATTCCTATGTGGTCAACGGGAATCTTTATGATGGCGACT
CAGAGTTCATTTTCTACTCTTCAAGCCAAAACTTTGAACCGAACGTTATTCGGCAATTTCAATTTTCCTG
CAGGATCGTTCAATCTTATCTTGATATTCACCTTAACAATAGTAATTCCTTTATATGACCGTGTAGGAGT
ACCTCTACTAGCTAAATACGCAGGCCGGCCTAGAGGATTCAGTTTTAAAGTCCGCATCGGGATAGGAATG
CTGTTTGCAATTGTAGCTAAAGCAGTAGCAGCTATTGT TGAAACGGTGAGACGAAATGCAGCGATTGAAC

AAGGGTTTGAGGACCAACCTAATGCTGAAATTAACATGTCGGCTTTATGGCTTGCTCCAGAGTTTATTTT

GTTTGGATTCGCCGAAGCTTTCACACCAGTTGGACTGGTTGAGTTTTTCTACTGTTTTTTCCCTAAGAGT
ATGTCTAGTTTTGCAATGGCTATGTTCACATTGGGACTAGCTTGTTCTGACGTAGTTTCAGGTGTGCTTG
TGAGCATTGTGGACACGGTCACTAGTATTGGAGGGAATGAGAGCTGGTTATCGACTAACATCAATAGGGG
ACATTTGAATTACTACTACGGGCTACTCACTTTCTTAGGCATTCTTAACTACTTCTATTATCTTGTTATT
TGTTGGGCTTATGGACCCATACAGGGAGAGAAACATGAAGATTCGGCCAGAAAGAAAGACGATARATTTG

GTTACAGGGAGTTGCCTACTTCATAG

The MtNIP gene encodes a protein having the amino acid
sequence (SEQ ID No.2):
MetGluTyrThrAsnSerAspAspAlaThrAsnGlulLysLeulleGluAsnGlySerSer
SerSerSerSerGlnProArglLysGlyGlyLeuArgThrMetProPhellelIleValAsn
GluCysLeuGluLysValAlaSerTyrGlyIleMetProAsnMet IleLeuTyrLeuAryg
AspAspTyrAsnMetProlleAlalysAlaSerTyrValLeuSerThrTrpSerAlaMet
SerAsnValLeuSerIlePheGlyAlaPheLeuSerAspSerTyrLeuGlyArgPheAsn
ValIleThrIleGlySerPheSerSerLeulLeuGlyLeuThrValLeuTrpLeuThrAla
MetIleProValLeulysProThrCysAlaSerLeuPheGlulleCysAsnSerAlaThr
SerSerGlnGlnAlaValLeuPheLeuSerLeuGlyLeulleSerIleGlyAlaGlyCys
ValArgProCysSerIleAlaPheGlyAlaGluGlnLeuThrIleLysGlyAsnSerGly
AspGlyAsnGlyArgIlleLeuAspSerTyrPheAsnTrpTyrTyrThrSerIleSerVal
SerThrIlelIleAlalLeuSerVallleAlaTyrIleGlnGluAsnLeuGlyTrpLysIle
GlyPheGlyValProAlaValLeuMetLeuValSerVallleSerPhelleIleGlySer
ProLeuTyrVallLysVallLysProSerGluSerLeuLeuThrAsnPheAlaArgValvVal
ValValAlaThrLysAsnArgLysLeuSerLeuProAspHisAspSerAspArgTyrCys
GlnGlyHisAspSerLysLeulysValProThrAspSerLeuArgPheLeuAsnLysAla
CysValIleArgAsnProGluThrAspLeuAsnArgAspGlySerIleSerAsnProTrp
AsnLeuCysThrIleGluGlnValGluSerLeulLysSerLeulLeuArgVallleProMet
TrpSerThrGlyIlePheMetMetAlaThrGlnSerSerPheSerThrLeuGlnAlaLys
ThrLeuAsnArgThrLeuPheGlyAsnPheAsnPheProAlaGlySerPheAspLeulle
LeullePheThrLeuThrIleValIleProLeuTyrAspArgValGlyValProLeuLeu
AlaLysTyrAlaGlyArgProArgGlyPheSerPhelysValArgIleGlyIleGlyMet

LeuPheAlalleValAlaLysAlaValAlaAlalleValGluThrValArgArgAsnAla

12
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-continued
AlaIleGluGlnGlyPheGluAspGlnProAsnAlaGlulleAsnMetSerAlaLeuTrp
LeuAlaProGluPhelIleLeuPheGlyPheAlaGluAlaPheThrProValGlyLeuVal
GluPhePheTyrCysPhePheProLysSerMetSerSerPheAlaMetAlaMetPheThr
LeuGlyLeuAlaCysSerAspValValSerGlyValLeuValSerIleValAspThrVal
ThrSerIleGlyGlyAsnGluSerTrpLeuSerThrAsnIleAsnArgGlyHisLeuAsn
TyrTyrTyrGlyLeuLeuThrPheLeuGlyIleLeuAsnTyrPheTyrTyrLeuVallle
CysTrpAlaTyrGlyProlleGlnGlyGluLysHisGluAspSerAlaArgLysLysAsp

AspLysPheGlyTyrArgGluLeuProThrSer
15

The nip-1 allele of MINIP refers to a mutant M. truncatula
nip-1 mutant gene sequence (mutation in bold italics). Medi-
cago truncatula nip-1 cDNA has the following (SEQ ID
No.3):
ATGGAGTACACAAACAGTGATGATGCTACARATGAAAAACTCATTGARAATGGCAGCTCTTCATCATCTT
CTCAACCCAGAAAGGGTGATT TAAGAACCATGCCCTTTAT CATAGTGAATGAGTGT CTTGAGAAAGTGGC
AAGTTATGGAATAATGCCAAACATGATATTATACTTGAGGGATGATTATAACATGCCTATTGCTAAGECT
AGTTATGTTCTTTCTACTTGGTCTGCTATGTCCAATGTTTTGTCCATCTTTGGTGCTTTTCTCTCTGATT
CTTACTTGGGTCGCTTCAATGTCATCACTATTGGCTCCTTTTCTAGCCTTCTTGGT TTAACCGT TTTGTG
GTTAACTGCCATGATCCCGGTGC TARAACCTACCTGTGCATCACTCTTTGARATCTGTAATTCTGCTACT
TCATCCCAACAAGCAGTTCTGTTCCTTTCC TTAGGATTAATTTCAAT TGGAGCTGGTTGTGTTAGACCTT
GTTCCATAGCCTTTGCAGCAGAGCAAT TGACTAT TAAGGGARATTCTGGTGATGEGAATGGCAGGATCTT
GGATAGTTACTTTAATTGGTATTATACCTCAATTTCAGTT TCAACCATTATCGCAT TGAGTGTGATTGCT
TACATTCAAGAAAACCT TGCATGGARAATTGAGT TTGGAGTACCTGC TATGCTAATGCTCGTATCAGTCA
TCAGTTTCATTATTGGT TCACCGTTATATGTCAAAGTGAAGCCAAGTGARAGCTTACTCACTAATTTTGC
ARAGAGTAGTTGTGETGGCAACCARGAACAGAAAACT TAGTCTTCC TGAT CACGACTCTGATCGTTACTGT
CAAGGTCATGATTCARAGCTGAAGGTTCCTACCGATAGCCTTAGETT TTTGAACAAAGCT TGCGTAATAA
GAAATCCTGAGACAGATCTTAATCGAGATGGETCAATT TCARATCCGTGGAACCTATGCACAATAGAACA
GGTGGAGTCACTGAAGTCTTTGC TCAGAGTCATTCCTATGTGGTCAACGEGAATCT TTATGATGGCCACT
CAGAGTTCATTTTCTACTCTTCAAGCCARAACTT TGAACCGAACGTTATTCGGCAATTTCAATTTTCCTG
CAGGATCGTTCAATCTTATCT TGATATTCACCTTAACAATAGTAATTCCTT TATATGACCGTGTAGGAGT
ACCTCTACTAGC TAAATACGCAGGCCGGCCTAGAGGATTCAGT TT TARAGTCCGCATCGGGATAGGAATG

CTGTTTGCAATTGTAGCTAAAGCAGTAGCAGCTATTGT TGAAACGGTGAGACGAAATGCAGCGATTGAAC

AAGGGTTTGAGGACCAACCTAATGCTGAAATTAACATGTCGGCTTTATGGCTTGCTCCAGAGTTTATTTT

GTTTGGATTCGCCGAAGCTTTCACACCAGTTGGACTGGTTGAGTTTTTCTACTGTTTTTTCCCTAAGAGT

ATGTCTAGTTTTGCAATGGTTATGTTCACATTGGGACTAGCTTGTTCTGACGTAGTTTCAGGTGTGCTTG

TGAGCATTGTGGACACGGTCACTAGTATTGGAGGGAATGAGAGCTGGTTATCGACTAACATCAATAGGGG

ACATTTGAATTACTACTACGGGCTACTCACTTTCTTAGGCATTCTTAACTACTTCTATTATCTTGTTATT

TGTTGGGCTTATGGACCCATACAGGGAGAGAAACATGAAGATTCGGCCAGAAAGAAAGACGATARATTTG

GTTACAGGGAGTTGCCTACTTCATAG

14
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Medicago truncatula nip-1 Amino acid Sequence (SEQ ID

No.: 4)
MetGluTyrThrAsnSerAspAspAlaThrAsnGlulLysLeulleGluAsnGlySerSer
SerSerSerSerGlnProArglLysGlyGlyLeuArgThrMetProPhellelIleValAsn
GluCysLeuGluLysValAlaSerTyrGlyIleMetProAsnMet IleLeuTyrLeuAryg
AspAspTyrAsnMetProlleAlalysAlaSerTyrValLeuSerThrTrpSerAlaMet
SerAsnValLeuSerIlePheGlyAlaPheLeuSerAspSerTyrLeuGlyArgPheAsn
ValIleThrIleGlySerPheSerSerLeulLeuGlyLeuThrValLeuTrpLeuThrAla
MetIleProValLeulysProThrCysAlaSerLeuPheGlulleCysAsnSerAlaThr
SerSerGlnGlnAlaValLeuPheLeuSerLeuGlyLeulleSerIleGlyAlaGlyCys
ValArgProCysSerIleAlaPheGlyAlaGluGlnLeuThrIleLysGlyAsnSerGly
AspGlyAsnGlyArgIlleLeuAspSerTyrPheAsnTrpTyrTyrThrSerIleSerVal
SerThrIlelIleAlalLeuSerVallleAlaTyrIleGlnGluAsnLeuGlyTrpLysIle
GlyPheGlyValProAlaValLeuMetLeuValSerVallleSerPhelleIleGlySer
ProLeuTyrVallLysVallLysProSerGluSerLeuLeuThrAsnPheAlaArgValvVal
ValValAlaThrLysAsnArgLysLeuSerLeuProAspHisAspSerAspArgTyrCys
GlnGlyHisAspSerLysLeulysValProThrAspSerLeuArgPheLeuAsnLysAla
CysValIleArgAsnProGluThrAspLeuAsnArgAspGlySerIleSerAsnProTrp
AsnLeuCysThrIleGluGlnValGluSerLeulLysSerLeulLeuArgVallleProMet
TrpSerThrGlyIlePheMetMetAlaThrGlnSerSerPheSerThrLeuGlnAlaLys
ThrLeuAsnArgThrLeuPheGlyAsnPheAsnPheProAlaGlySerPheAsnLeulle
LeullePheThrLeuThrIleValIleProLeuTyrAspArgValGlyValProLeuLeu
AlaLysTyrAlaGlyArgProArgGlyPheSerPhelysValArgIleGlyIleGlyMet
LeuPheAlalleValAlaLysAlaValAlaAlalleValGluThrValArgArgAsnAla
AlaIleGluGlnGlyPheGluAspGlnProAsnAlaGlulleAsnMetSerAlaLeuTrp
LeuAlaProGluPhelIleLeuPheGlyPheAlaGluAlaPheThrProValGlyLeuVal
GluPhePheTyrCysPhePheProLysSerMetSerSerPheAlaMetValMetPheThr
LeuGlyLeuAlaCysSerAspValValSerGlyValLeuValSerIleValAspThrVal
ThrSerIleGlyGlyAsnGluSerTrpLeuSerThrAsnIleAsnArgGlyHisLeuAsn
TyrTyrTyrGlyLeuLeuThrPheLeuGlyIleLeuAsnTyrPheTyrTyrLeuVallle
CysTrpAlaTyrGlyProlleGlnGlyGluLysHisGluAspSerAlaArgLysLysAsp
AspLysPheGlyTyrArgGluLeuProThrSer

The laid (nip-2) allele of MtNIP refers to a M. truncatula
laid (nip-2) mutant gene sequence (mutation in bold italics)
c¢DNA (Seq ID No.: 5):
ATGGAGTACACAAACAGTGATGATGCTACAAATGAAAAACTCATTGAAAATGGCAGCTCTTCATCATCTT
CTCAACCCAGAAAGGGTGGTTTAAGAACCATGCCCTTTATCATAGTGAATGAGTGTCTTGAGAAAGTGGC
AAGTTATGGAATAATGCCAAACATGATATTATACTTGAGGGATGATTATAACATGCCTATTGCTAAGGCT
AGTTATGTTCTTTCTACTTGGTCTGCTATGTCCAATGTTTTGTCCATCTTTGGTGCTTTTCTCTCTGATT
CTTACTTGGGTCGCTTCAATGTCATCACTATTGGCTCCTTTTCTAGCCTTCTTGGTTTAACCGTTTTGTG

GTTAACTGCCATGATCCCGGTGCTAAAACCTACCTGTGCATCACTCTTTGAAATCTGTAATTCTGCTACT

16
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-continued

TCATCCCAACAAGCAGTTCTGTTCCTTTCCTTAGGATTAATTTCAATTGGAGCTGGTTGTGTTAGACCTT
GTTCCATAGCCTTTGGAGCAGAGCAATTGACTATTAAGGGAAATTCTGGTGATGGGAATGGCAGGATCTT
GGATAGTTACTTTAATTGGTATTATACCTCAATTTCAGTTTCAACCATTATCGCGTTGAGTGTGATTGCT
TACATTCAAGAAAACCTTGGATGGAAAATTGGGTTTGGAGTACCTGCTGTGCTAATGCTCGTATCGGTCA
TCAGTTTCATTATTGGTTCACCGTTATATGTCAAAGTGAAGCCAAGTGAAAGCTTACTCACTAATTTTGC
AAGAGTAGTTGTGGTGGCAACCAAGAACAGAAAACTTAGTCTTCCTGATCACGACTCTGATCGTTACTGT
CAAGGTCATGATTCAAAGCTGAAGGTTCCTACCGATAGCCTTAGGTTTTTGAACAAAGCTTGCGTAATAA
GAAATCCTGAGACAGATCTTAATCGAGATGGGTCAATTTCAAATCCGTGGAACCTATGCACAATAGAACA
GGTGGAGTCACTGAAGTCTTTGCTCAGAGTCATTCCTATGTGATCAACGGGAATCTTTATGATGGCGACT
CAGAGTTCATTTTCTACTCTTCAAGCCAAAACTTTGAACCGAACGTTATTCGGCAATTTCAATTTTCCTG
CAGGATCGTTCAATCTTATCTTGATATTCACCTTAACAATAGTAATTCCTTTATATGACCGTGTAGGAGT
ACCTCTACTAGCTAAATACGCAGGCCGGCCTAGAGGATTCAGTTTTAAAGTCCGCATCGGGATAGGAATG
CTGTTTGCAATTGTAGCTAAAGCAGTAGCAGCTATTGT TGAAACGGTGAGACGAAATGCAGCGATTGAAC

AAGGGTTTGAGGACCAACCTAATGCTGAAATTAACATGTCGGCTTTATGGCTTGCTCCAGAGTTTATTTT

GTTTGGATTCGCCGAAGCTTTCACACCAGTTGGACTGGTTGAGTTTTTCTACTGTTTTTTCCCTAAGAGT
ATGTCTAGTTTTGCAATGGCTATGTTCACATTGGGACTAGCTTGTTCTGACGTAGTTTCAGGTGTGCTTG
TGAGCATTGTGGACACGGTCACTAGTATTGGAGGGAATGAGAGCTGGTTATCGACTAACATCAATAGGGG
ACATTTGAATTACTACTACGGGCTACTCACTTTCTTAGGCATTCTTAACTACTTCTATTATCTTGTTATT
TGTTGGGCTTATGGACCCATACAGGGAGAGAAACATGAAGATTCGGCCAGAAAGAAAGACGATARATTTG

GTTACAGGGAGTTGCCTACTTCATAG

35
The translated amino acid sequence for M. truncatula latd
(nip-2) mutant gene sequence leads to a stop codon as indi-
cated below (SEQ ID NO.: 6):

MetGluTyrThrAsnSerAspAspAlaThrAsnGlulLysLeulleGluAsnGl4fBerSer
SerSerSerSerGlnProArglLysGlyGlyLeuArgThrMetProPhellelIleValAsn
GluCysLeuGluLysValAlaSerTyrGlyIleMetProAsnMet IleLeuTyrLeuAryg
AspAspTyrAsnMetProlleAlalysAlaSerTyrValLeuSerThrTrpSepplaMet
SerAsnValLeuSerIlePheGlyAlaPheLeuSerAspSerTyrLeuGlyArgPheAsn
ValIleThrIleGlySerPheSerSerLeulLeuGlyLeuThrValLeuTrpLeuThrAla
MetIleProValLeuLysProThrCysAlaSerLeuPheGluIleCysAsnSeﬁflaThr
SerSerGlnGlnAlaValLeuPheLeuSerLeuGlyLeulleSerIleGlyAlaGlyCys
ValArgProCysSerIleAlaPheGlyAlaGluGlnLeuThrIleLysGlyAsnSerGly
AspGlyAsnGlyArgIlleLeuAspSerTyrPheAsnTrpTyrTyrThrSerIleSerVal
SerThrIlelIleAlalLeuSerValIleAlaTyrIleGlnGluAshLeuClyTrpLysIle
GlyPheGlyValProAlaValLeuMetLeuValSerVallleSerPhelleIleGlySer
ProLeuTyrVallLysVallLysProSerGluSerLeuLeuThrAsnPheAlaArgValvVal
60
ValValAlaThrLysAsnArgLysLeuSerLeuProAspHisAspSerAspArgTyrCys
GlnGlyHisAspSerLysLeulysValProThrAspSerLeuArgPheLeuAsnLysAla
CysValIleArgAsnProGluThrAspLeuAsnArgAspGlySerIleSerAsnProTrp

65
AsnLeuCysThrIleGluGlnValGluSerLeulLysSerLeulLeuArgVallleProMet

18
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The nip-3 allele of MtNIP refers to a mutant having the
following sequence:
M. truncatula nip-3 mutant gene sequence (mutation high-
lighted):
Medicago truncatula nip-3 Cdna (SEQ ID No.: 7)
ATGGAGTACACAAACAGTGATGATGCTACARATGAAAAACTCATTGARAATGGCAGCTCTTCATCATCTT
CTCAACCCAGAAAGGGTGATT TAAGAACCATGCCCTTTAT CATAGTGAATGAGTGT CTTGAGAAAGTGGC
AAGTTATGGAATAATGCCAAACATGATATTATACTTGAGGGATGATTATAACATGCCTATTGCTAAGECT
AGTTATGTTCTTTCTACTTGGTCTGCTATGTCCAATGTTTTGTCCATCTTTGGTGCTTTTCTCTCTGATT
CTTACTTGGGTCGCTTCAATGTCATCACTATTGGCTCCTTTTCTAGCCTTCTTGGT TTAACCGT TTTGTG
GTTAACTGCCATGATCCCGGTGC TARAACCTACCTGTGCATCACTCTTTGARATCTGTAATTCTGCTACT
TCATCCCAACAAGCAGTTCTGTTCCTTTCC TTAGGATTAATTTCAAT TGGAGCTGGTTGTGTTAGACCTT
GTTCCATAGCCTTTGCAGCAAAGCAATTGACTAT TAAGGGAAATTCTGATCATGGGAATGGCAGGATCTT
CGATAGTTACTTTAATTGGTATTATACCTCAATT TCAGTTTCAACCATTAT CGCGT TGAGTGTGATTGCT
TACATTCAAGAAAACCT TGCATGGARAATTGAGT TTGGAGTACCTGC TATGCTAATGCTCGTATCAGTCA
TCAGTTTCATTATTGGT TCACCGTTATATGTCAAAGTGAAGCCAAGTGARAGCTTACTCACTAATTTTGC
ARAGAGTAGTTGTGETGGCAACCARGAACAGAAAACT TAGTCTTCC TGAT CACGACTCTGATCGTTACTGT
CAAGGTCATGATTCARAGCTGAAGGTTCCTACCGATAGCCTTAGETT TTTGAACAAAGCT TGCGTAATAA
GAAATCCTGAGACAGATCTTAATCGAGATGGETCAATT TCARATCCGTGGAACCTATGCACAATAGAACA
GGTGGAGTCACTGAAGTCTTTGC TCAGAGTCATTCCTATGTGGTCAACGEGAATCT TTATGATGGCCACT
CAGAGTTCATTTTCTACTCTTCAAGCCARAACTT TGAACCGAACGTTATTCGGCAATTTCAATTTTCCTG
CAGGATCGTTCAATCTTATCT TGATATTCACCTTAACAATAGTAATTCCTT TATATGACCGTGTAGGAGT
ACCTCTACTAGC TAAATACGCAGGCCGGCCTAGAGGATTCAGT TT TARAGTCCGCATCGGGATAGGAATG
CTGTTTGCAATTGTAGC TARAGCAGTAGCAGCTATTGT TGAAACGGTGAGACGARATGCAGCGATTGAAC

AAGGGTTTGAGGACCAACCTAATGCTGAAATTAACATGTCGGCTTTATGGCTTGCTCCAGAGTTTATTTT

GTTTGGATTCGCCGAAGCTTTCACACCAGTTGGACTGGTTGAGTTTTTCTACTGTTTTTTCCCTAAGAGT
ATGTCTAGTTTTGCAATGGCTATGTTCACATTGGGACTAGCTTGTTCTGACGTAGTTTCAGGTGTGCTTG
TGAGCATTGTGGACACGGTCACTAGTATTGGAGGGAATGAGAGCTGGTTATCGACTAACATCAATAGGGG
ACATTTGAATTACTACTACGGGCTACTCACTTTCTTAGGCATTCTTAACTACTTCTATTATCTTGTTATT
TGTTGGGCTTATGGACCCATACAGGGAGAGAAACATGAAGATTCGGCCAGAAAGAAAGACGATARATTTG

GTTACAGGGAGTTGCCTACTTCATAG

Medicago truncatula nip-3 amino acid (SEQ ID No.: 8)

MetGluTyrThrAsnSerAspAspAlaThrAsnGlulLysLeulleGluAsnGlySerSer
SerSerSerSerGlnProArglLysGlyGlyLeuArgThrMetProPhellelIleValAsn
GluCysLeuGluLysValAlaSerTyrGlyIleMetProAsnMet IleLeuTyrLeuAryg
AspAspTyrAsnMetProlleAlalysAlaSerTyrValLeuSerThrTrpSerAlaMet
SerAsnValLeuSerIlePheGlyAlaPheLeuSerAspSerTyrLeuGlyArgPheAsn
ValIleThrIleGlySerPheSerSerLeulLeuGlyLeuThrValLeuTrpLeuThrAla
MetIleProValLeulysProThrCysAlaSerLeuPheGlulleCysAsnSerAlaThr
SerSerGlnGLnAlaValLeuPheLeuSerLeuGlyLeulleSerIleGlyAlaGlyCys

ValArgProCysSerIleAlaPheGlyAlaLysGlnLeuThrIleLysGlyAsnSerGly

20
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-continued
AspGlyAsnGlyArgIlleLeuAspSerTyrPheAsnTrpTyrTyrThrSerIleSerVal

SerThrIlelIleAlalLeuSerVallleAlaTyrIleGLnGluAsnLeuGlyTrpLysIle
GlyPheGlyValProAlaValLeuMetLeuValSerVallleSerPhelleIleGlySer
ProLeuTyrVallLysVallLysProSerGluSerLeuLeuThrAsnPheAlaArgValvVal
ValValAlaThrLysAsnArgLysLeuSerLeuProAspHisAspSerAspArgTyrCys
GlnGlyHisAspSerLysLeulysValProThrAspSerLeuArgPheLeuAsnLysAla
CysValIleArgAsnProGluThrAspLeuAsnArgAspGlySerIleSerAsnProTrp
AsnLeuCysThrIleGluGlnValGluSerLeulLysSerLeulLeuArgVallleProMet
TrpSerThrGlyIlePheMetMetAlaThrGlnSerSerPheSerThrLeuGlnAlaLys
ThrLeuAsnArgThrLeuPheGlyAsnPheAsnPheProAlaGlySerPheAsnLeulle
LeullePheThrLeuThrIleValIleProLeuTyrAspArgValGlyValProLeuLeu
AlaLysTyrAlaGlyArgProArgGlyPheSerPhelysValArgIleGlyIleGlyMet
LeuPheAlalleValAlaLysAlaValAlaAlalleValGluThrValArgArgAsnAla
AlaIleGluGlnGlyPheGluAspGlnProAsnAlaGlulleAsnMetSerAlaLeuTrp
LeuAlaProGluPhelIleLeuPheGlyPheAlaGluAlaPheThrProValGlyLeuVal
GluPhePheTyrCysPhePheProLysSerMetSerSerPheAlaMetAlaMetPheThr
LeuGlyLeuAlaCysSerAspValValSerGlyValLeuValSerIleValAspThrVal
ThrSerIleGlyGlyAsnGluSerTrpLeuSerThrAsnIleAsnArgGlyHisLeuAsn
TyrTyrTyrGlyLeuLeuThrPheLeuGlyIleLeuAsnTyrPheTyrTyrLeuVallle

CysTrpAlaTyrGlyProlleGlnGlyGluLysHisGluAspSerAlaArgLysLysAsp

22

AspLysPheGlyTyrArgGluLeuProThrSer

In one embodiment of the present invention, the MtNIP
gene is expressed in a plant to cause a significant increase in
biomass. In certain embodiments, the MINIP gene is the
Medicago truncatula (Medicago) MINIP gene, and the plant
is a Arabidopsis thaliana, a Medicago Truncatula or a
tobacco plant.

In certain embodiments of the invention, the MtNIP gene is
expressed in a plant to cause the plant to be larger than a
wild-type plant. In certain embodiments, the MtNIP gene is
the Medicago truncatula (Medicago) MitNIP gene, and the
plant is Arabidopsis thaliana, Medicago Truncatula or a
tobacco plant.

In certain embodiments, the expression of the MtNIP gene
in plants causes them to flower earlier than wild-type plants.

In certain embodiments of the invention, other genes in the
NRT1/PTR family may be over-expressed in plants to result
in increased biomass, plant growth, and early flowering. The
gene may be one of the 53 members of the NRT1/PTR family
in Arabidopsis or the 80 members in rice, of which only a
subset investigated (Tsay et al., 2007).

In certain embodiments, the plant may be a member of the
Brassica family, such as oilseed rape, canola, cabbage, cau-
liflower, broccoli, Brussels sprout. Chinese cabbage, bak
choi, turnip, or mustard or other plants.

Example 1

Xenopus oocytes Expressing MtNIP Transport
Nitrate in a pH-Dependent Manner

Xenopus oocytes that were microinjected with in vitro tran-
scribed MtNIP RNA, or water as a control, were incubated
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with 250 uM or 5 mM nitrate at pH 5.5 or pH 7.4 (FIG. 3). At
the end of incubation, the oocytes were rinsed, lysed and
assayed for nitrate uptake using a spectrophotometric assay
(Cayman Chemical, Ann Arbor, Mich.). At pH 5.5, MtNIP-
expressing oocytes were able to take up significant nitrate
provided at 250 uM nitrate almost as well as at 5 mM nitrate,
while the water-injected control oocytes were not.

Example 2

NIP-3 Mutant Protein Can Transport Nitrate in
Xenopus oocytes, and NIP-1 and LATD (NIP-2)
Mutant Proteins Cannot Transport Nitrate in
Xenopus oocytes

The latd (nip-2) allele is null mutation, with a nonsense
mutation in the middle of the MINIP gene; in contrast, both
the nip-1 and nip-3 alleles have mis-sense mutations (Yen-
drek et al., 2010). Xenopus oocytes were microinjected with
in vitro transcribed nip-1, latd (nip-2), or nip-3 RNA, or water
as a control, incubated with 250 uM or 5 mM nitrate at pH 5.5,
rinsed, lysed and assayed for nitrate uptake (FIG. 4). The
results show that nip-1 and latd (nip-2) proteins cannot trans-
port nitrate, but nip-3 protein and wild-type MINIP protein
can nip-3 mutants have root architecture and nodulation
defects (Teillet et al., 2008). Thus, MtNIP protein has another
function besides nitrate transport.
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Example 3

Arabidopsis chll-5 Mutants are Restored to Chlorate
Sensitivity by MtNIP

MINIP was over-expressed in Arabidopsis chll-5 mutants
that contain a well-characterized deletion in the NRT1(CHL)
dual affinity nitrate transporter gene, using the Arabidopsis
EF1 apromoter (Auriac and Timmers, 2007). The mutant is
chlorate resistant (Tsay etal., 1993; Huang et al., 1996; Wang
et al., 1998). The herbicide chlorate is a nitrate analog that is
taken up via the CHL 1(NRT 1.1) nitrate transporter and
reduced to toxic chlorite by nitrate reductase. chl1-5 mutants
containing the pAtEF1 a-MtNIP construct are restored to
chlorate sensitivity, similar to chll-5 mutants containing a
control pAtEF1 a-AtNRT1. 1(CHL) construct (FIG. 5). This
demonstrates a role for MINIP in the transport of chlorate via
a nitrate transporter route.

Example 4

Growth Phenotype of Arabidopsis Plants Expressing
the M. truncatula MtNIP Gene

The Arabidopsis plants transformed with pAtEF1 a-Mt-
NIP were found to have the unexpected phenotype of being
much larger than wild-type (FIG. 6, and Table 1). Controls
transformed with empty vector showed similar growth to the
wild-type (not shown). It is possible that the high affinity
nitrate transport function of MtNIP is responsible for the
observed growth phenotype. Although not wanting to be
bound by theory, since Xenopus oocyte expressing the nip-3
mutant version of the gene transport nitrate, which means that
MINIP has a second, still unknown function, it is also possible
that this other, still unknown function of MtNIP is responsible
for the observed growth phenotype.

TABLE 1

Dry weight of Arabidopsis plants at 8 weeks post-germination

Weight Fold increase,
(Average +/— standard average compared

Genotype deviation, grams) to control
Not transformed with MtNIP 1.56 +/- 0.33

Not transformed with MtNIP 1.71 +/- 0.45

Not transformed with MtNIP 1.93 +/- 0.69

Not transformed with MtNIP 1.16 +/- 0.41

Transformed with MtNIP 5.00 +/- 1.60 31
Transformed with MtNIP 5.87 +/-1.78 3.7
Transformed with MtNIP 6.99 +/- 1.04 4.4
Transformed with MtNIP 5.57 +/- 1.80 3.5

No reports were found in the scientific literature describing
constitutive expression of an NRT1/PTR family protein to
result in an increase in growth or biomass of a plant. Two
reports were found, one in the literature and one on a poster,
of'arice gene in the NRT2 family causing increases in growth
when it is over-expressed in rice. However, the NRT2 family
is not related to the NRT1/PTR family—these two gene fami-
lies are phylogenetically distinct (Tsay et al., 2007).

Example 6

As stated above, the Medicago truncatula NIP/LATD gene
encodes a protein found in a clade of nitrate transporters
within the large NRT1(PTR) family that also encodes trans-
porters of di- and tri-peptides, dicarboxylates, auxin and
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abscisic acid. Of the NRT1(PTR) members known to trans-
port nitrate, most are low-affinity transporters. This embodi-
ment shows that Medicago nip/latd mutants are more defec-
tive in their lateral root responses to nitrate provided at low
(250 uM) concentrations than at higher (5 mM) concentra-
tions. However nitrate uptake experiments showed no dis-
cernible differences in uptake in the mutants. Heterologous
expression experiments showed that MINIP/LATD encodes a
nitrate transporter: expression in Xenopus laevis oocytes con-
ferred upon the oocytes the ability to take up nitrate from the
media with high affinity and expression of MINIP/LATD in
an Arabidopsis chll(nrtl.1) mutant rescued the chlorate sus-
ceptibility phenotype. X. laevis oocytes expressing mutant
Mtnip-1 and Mtlatd were unable to take up nitrate from the
media, but oocytes expressing the less severe Mtnip-3 allele
were, demonstrating that Mtnip-3 is altered in another activ-
ity besides nitrate transport. Medicago nip/latd mutants have
pleiotropic defects in nodulation and root architecture.
Expression of the Arabidopsis NRT1.1 gene in mutant
Mtnip-1 roots partially rescued Mtnip-1 for root architecture
defects, but not for nodulation defects, suggesting the spec-
trum of activities inherent in AtNRT1.1 is different from those
possessed by MtNIP/LATD. Collectively, the data show that
MINIP/LATD is a high affinity nitrate transporter and has a
second unknown function which is critical for nodulation.
All plants require nitrogen (N) as an essential nutrient and
are able to acquire N from nitrate (NO;~) and ammonium
(NH,") in the soil. Nitrate acquisition begins with its trans-
port into root cells, accomplished by NO,~ transporters. Soil
NO,~ concentrations can vary by five orders of magnitude
(Crawford, 1995) and to cope with the variability, plants have
evolved both high-affinity (HATS) and low-affinity (LATS)
transport systems. These are encoded by two gene families:
the phylogenetically distinct NRT1(PTR) and NRT2 fami-
lies. Members of these families also participate in movement
of NO, ™ throughout the plant and within plant cells (Miller et
al., 2007; Segonzac et al., 2007; Tsay et al., 2007; Almagro et
al., 2008: Lin et al., 2008; Fan et al., 2009; Li et al., 2010;
Barbier-Brygoo et al., 2011; Wang and Tsay, 2011; Xuetal.,
2012). Proteins in the CLC transporter family also transport
NO;™; these transporters are associated with cytosol to
organelle NO;™ movement (Zifarelli and Pusch, 2010).
NRT1(PTR) is a large family of transporters, comprising
53 members in Arabidopsis, 84 members in rice, with NRT1
PTR) members known in several other species (Tsay et al.,
2007; Zhao et al., 2010). In addition to transporting NO,~
coupled to H* movement, members of the NRT1(PTR) family
have been found to transport di- or tripeptides, amino acids
(Waterworth and Bray, 2006), dicarboxylic acids (Jeong et
al., 2004), auxin (Krouk et al., 2010) and/or abscisic acid
(Kanno et al., 2012). Only a small number of NRT1(PTR)
proteins have been functionally studied compared to the large
number that exist in higher plants, and thus the number of
biochemical functions ascribed to this family may expand.
Of the NRT1(PTR) members known to transport NO;~,
most are LATS transporters. An important exception is Ara-
bidopsis NRT1.1(CHL1), a dual-affinity transporter, that is
the most extensively studied NRT1(PTR) protein. AtNRT1.1
(CHL1) was identified initially on the basis of its ability to
confer chlorate toxicity resistance and was the first of this
family to be cloned (Doddema et al., 1978; Tsay et al., 1993).
AtNRT1.1(CHL1) is an essential component of NO;~ trans-
portand NO; ™ signaling pathways, with important roles regu-
lating expression of other NO, ™~ transporters and root archi-
tecture (Remans et al., 2006; Walch-Liu et al., 2006; Walch-
Liu and Forde, 2008). Its expression is inducible by NO,~
(Huang et al., 1996). Reversible phosphorylation is essential
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to its ability to switch between LATS and HATS activity (Liu
and Tsay, 2003). In addition, AINRT1.1(CHL1) acts as a
NO; ™ sensor (Munos et al., 2004; Ho et al., 2009; Wang et al.,
2009) and has been shown to transport auxin in a NO;~
concentration dependent manner (Krouk et al., 2010). It has
been suggested that AINRT1.1°s ability to transport auxin
may be part of its NO;~ sensing mechanism (Krouk et al.,
2010; Krouk et al., 2010; Gojon et al., 2011).

Most legumes and actinorhizal plants have the additional
ability to form symbiotic N-fixing root nodules with soil
bacteria, enabling them to thrive in NO;~ and NH,* depleted
environments. Legume nodulation commences with signal
exchange between the plant and rhizobia, followed by root
cortical cell divisions, invasion of the root at the site of the cell
divisions by rhizobia inside plant-derived infection threads
(“Its™), and subsequent endocytosis of rhizobia into newly-
divided plant host cells, forming symbiosomes. Within sym-
biosomes, the rhizobia differentiate into bacteroids that are
capable of N fixation (Oldroyd and Downie, 2008; Kouchi et
al., 2010). Before N fixation begins, nodules are a sink for the
plant’s N; N is required to support nodule organogenesis and
rhizobial proliferation and differentiation in nodules (Ud-
vardi and Day, 1997). After N fixation begins, nodules are a
source of bioavailable N and are a large carbon sink because
of the energetic needs of the rhizobia that fix N (White et al.,
2007).

NRT1(PTR) transporters have received less attention in
legumes and actinorhizal plants than in other plants, but are
beginning to be investigated. Several soybean (Glycine max)
NRT1(PTR) transporter cDNAs have been cloned and their
transcription patterns studied. These were predicted to trans-
port NO;~, but have not been functionally characterized
(Yokoyama et al., 2001). Benedito et al. (2010) recognized
111 non-redundant Medicago truncatula sequences corre-
sponding to genes in the 2.A.17 transporter class, containing
NRT1(PTR) genes (Benedito et al., 2010). The recent avail-
ability of three sequenced legume genomes will add to our
knowledge of this important gene family (Sato et al., 2008;
Schmutz et al., 2010; Young et al., 2011). In faba bean (Vicia
faba), two NRT1(PTR) transporters have been studied; one
was demonstrated to transport di-peptides in yeast, while the
second was found to be phylogenetically close to a soybean
NRT1(PTR) (Mirandaet al., 2003). In alder (4/nus glutinosa)
nodules, NRT1(PTR) transporter AgDCAT localizes to the
symbiotic interface and transports dicarboxylic acid from the
cytosol towards its symbiotic partner, Frankia (Jeong et al.,
2004). The Medicago MtNRT1.3 transporter was shown to be
a dual-affinity NO;~ transporter; MtNRT1.3 is up-regulated
by the absence of NO;~ (Morere-Le Paven et al., 2011).

The Medicago NIP/LATD gene encodes a predicted NRT1
(PTR) transporter (Harris and Dickstein, 2010; Yendrek et al.,
2010) and the three known nip and laid mutants have pleio-
tropic defects in nodulation and root architecture. Mtnip-1,
containing a missense (A497V) mutation in one of the NIP/
LATD protein’s transmembrane domains, is well character-
ized with respect to nodulation phenotypes (Veereshlingam et
al., 2004). Mtnip-1 develops nodules that initiate rhizobial
invasion but fail to release rhizobia from infection threads. Its
nodules lack meristems and accumulate polyphenolics, a sign
ot'host defense. Mtnip-1 plants also have defective root archi-
tecture (Veereshlingam et al., 2004). The Mtlatd mutant has
the most severe phenotype, caused by a stop codon
(W341STOP) in the middle of the NIP/LATD putative pro-
tein (Yendrek et al., 2010). Mtlatd has serious defects in root
architecture with a non-persistent primary root meristem,
lateral roots (“LRs”) that fail to make the transition from LR
primordia to LRs containing a meristem, and defects in root
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hairs. Mtlatd also has defective nodules (Bright et al., 2005).
The missense Mtnip-3 mutant (E171K) is the least affected,
forming invaded nodules with meristems and polyphenol
accumulation. Mtnip-3 has near-normal root architecture
(Teillet et al., 2008; Yendrek et al., 2010).

Here, function of the MtNIP/LLATD protein is investigated.
We find that MINIP/LATD is a high-affinity NO, ™~ transporter
and provide evidence that it has at least one additional bio-
chemical function relevant for root nodule formation and root
architecture development.

Mtnip Mutants’ Nitrate Phenotypes.

Because of MINIP/LATD’s similarity to low affinity NO;~
transporters in the NRT1(PTR) family, one hypothesis is that
it may be a low affinity NO,~ transporter (Yendrek et al.,
2010). Bioavailable N is known to suppress nodulation and to
inhibit N fixation in mature N-fixing nodules (Streeter, 1988;
Fei and Vessey, 2008). It is also possible that Mtnip/latd
mutants would develop functional root nodules in conditions
of NO;~ sufficiency. To test whether Mtnip-1 was altered in
suppression of nodulation by bioavailable N, Mtnip-1 mutant
plants were cultivated in 1 mM and 10 mM KNO; and also in
5 mM NH,NO; in the presence of S. meliloti. As shown in
Table 1, Mtnip-1 formed low numbers of nodules under these
conditions compared to no N conditions, similar to wild-type
(A17), suggesting normal suppression by bioavailable N
sources. The few nodules that formed in Mtnip-1 in 1 mM
KNO;, 10 mM KNO; or 5 mM NO;NH, had an Mtnip-1
nodule phenotype.

To examine whether the mutants had defects in NO;~
uptake, we grew Mtnip-1 and Mtnip-3 mutants, with wild-
type A17 as control, in two different concentrations of KNO;:
250 uM and 5 mM. Uptake was measured by monitoring
depletion of NO;~ from the media. As can be seen in FIG. 7,
no differences in NO,~ uptake were observed in the mutants,
suggesting that low and high affinity NO,~ transport systems
are functioning in these plants. However, because measure-
ment of depletion of NO,~ from the media is less sensitive
than measuring NO;~ influx, subtle changes in NO;~ uptake
may not have been detected in this experimental system.

In Arabidopsis, growth of plants in different NO;~ concen-
trations is known to affect root architecture (Zhang et al.,
2000; Linkohr et al., 2002). To determine if Medicago nip
mutants’ LR phenotype were affected by NO;~, we grew
Mtnip-1, Mtnip-3 and A17 in the presence of 0 uM. 250 uM,
and 5 mM KNO;, and examined root growth parameters after
two weeks. Wild-type A17 produced longer LRs inboth NO;~
concentrations tested than it did at 0 NO,~ and slightly shorter
LRsin 5 mM as compared to 250 uM KNO; (FIG. 2). Lateral
root lengths of both Mtnip-1 and Mtnip-3 were significantly
shorter than those of wild-type in all conditions tested, with
one exception; in 5 mM KNOj;, the average LR lengths of
Mtnip-3 were similar to those of A17. Both Mtnip-1 and
Mtnip-3 mutants had longer [.LRs when grown in 5 mM KNO,
(FIG. 2C) than they did in 250 uyM KNO; (FIG. 2B) and when
grown in the absence of NO;~ (FIG. 2A). These data are
consistent with an MINIP/LATD function in high affinity, low
concentration NO;~ uptake or response.

MtNIP/LATD Protein Transports Nitrate, but not Histi-
dine, in Xenopus laevis Oocytes.

To test whether the MtNIP/LLATD protein transports NO; ™,
we expressed MtNIP/LATD in X. laevis oocytes and assayed
them for acquisition of NO;~ transport activity. Transport
activity was initially assessed at two different NO;~ concen-
trations to categorize transporter affinity, and at pH 5.5 and at
pH 7.4, to test pH dependence. As shown in FIGS. 3A and B,
oocytes expressing MtNIP/LATD were capable of significant
NO; ™ uptake above the water injected control oocytes at both
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low, 250 uM, and high, 5 mM, NO,~, concentrations at pH
5.5. However, at pH 7.4, there was not significant NO;~
uptake (FIG. 3C, D), indicating that transport is H" coupled.
We compared MtNIP/LATD NO;~ transport to that of the
dual-affinity AtNRT1.1 transporter and found that MtNIP/
LATD had slightly lower nitrate transport than AINRT1.1 at
250 pM NO;™. At 5 mM NO;~, MtNIP/LATD transported
approximately 20% as much nitrate as did AINRT1.1 (Suppl.
FIG. 1), suggesting that MtNIP/LLATD is not dual-affinity. To
determine MINIP/LATD’s Km, we measured NO, ™~ uptake in
MINIP/LATD-injected oocytes compared to water-injected
control oocytes over NO;~ concentrations ranging from 50
uM to 10 mM. MINIP/LATD displays saturable kinetics for
NO,™~ uptake, with a Km of 160 pM (FIGS. 3E and F). The
data show only one saturation point (FIG. 3E) and thus,
indicate that MtNIP/LATD has single, high affinity NO,~
transport.

Because the NRT1(PTR) family BnNRT1.2 NO,™ trans-
porter also transports histidine (Zhou et al., 1998), arat NRT1
(PTR) family member transports both peptides and histidine
(Yamashita et al., 1997), and Arabidopsis AtPTR1 and
AtPTR2 peptide transporters also transport histidine (Tsay et
al., 2007), we assessed histidine uptake in MtNIP/LATD-
injected oocytes compared to water-injected control oocytes.
At pH 5.5 and 1 mM histidine, we observed no histidine
transport (Suppl. Table 1).

Proteins Encoded by Two MtNIP/LATD Mutant Alleles
but not a Third Allele are Defective in Nitrate Transport in the
Oocyte System.

The finding that MtNIP/LATD transports NO,~ opens the
possibility that the defects observed in the Mtnip/latd mutants
result from defective NO;™ transport. To determine if the
proteins encoded by the available defective MtNIP/LATD
genes are capable of NO; ™ transport, we tested them in the X.
laevis oocyte system. The results demonstrate that the mis-
sense Mtnip-1 and truncated Mtlatd proteins are defective in
NO;™ transport at 5 mM NO;~, while the Mtnip-3 protein is
capable of transport at this higher concentration (FIG. 4).
Oocytes expressing Mtnip-3 protein as well as Mtnip-1 pro-
tein were assessed for high affinity transport at 250 uM NO;™;
since the Mtlatd protein, encoded by a gene with a nonsense
codon in the middle of MtNIP/LATD, failed to transport
NO;~ at 5mM NO; 7, it was not tested for transport at 250 uM
NO;~. Mtnip-3 was capable of transport at 250 uM, while
Mtnip-1 was not. Because the Mtnip-3 mutant has defective
root architecture, aberrant nodulation, and fixes far less N
than wild-type (Teillet et al., 2008), we conclude that it is
defective in another function besides NO;™ transport.

MINIP/LATD Expression in the Arabidopsis chll-5
Mutant Restores Chlorate Sensitivity.

Although MINIP/LATD transports NO;~ in oocytes, it
could be argued that it may not function as a NO;~ transporter
in planta. The NO;™ transporter activity of MtNIP/LATD was
further tested by studying its ability to complement the well-
characterized Arabidopsis chll1-5 mutant, containing a large
deletion in the AtNRT1.1 gene (Munos et al., 2004). This
mutant was originally isolated on the basis of its resistance to
the herbicide chlorate, which is taken up through the
AINRT1.1(AtCHL1) NO;™ transporter and reduced by NO;~
reductase to toxic chlorite (Doddema et al., 1978; Tsay et al.,
1993). Complementation of this phenotype is easy to score. A
construct containing MtNIP/LATD ¢DNA under the control
of the constitutive Arabidopsis EF 1apromoter (pAtEF1a-
MINIP/LATD) was introduced into Atchll-5 plants, with
plants transformed by AtNRT1.1 ¢cDNA regulated by the
same promoter (pAtEF1a-AtNRT1.1) serving as positive
control. Atchll-5/pAtEF1a-MtNIP/LATD was found to be
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sensitive to chlorate, similar to the positive control Atchl1-5
plants transformed with pAtEF1a-AtNRT1.1 and wild-type
Col-0. Negative control mutant Atchl1-5 plants were resistant
to chlorate, as expected (FIG. 5, Suppl. FIG. 2). Wild-type
AtCol-0 and the Atchll-5 plants constitutively expressing
either AtNRT1.1 or MtNIP/LATD showed a reduction in
fresh weight and chlorophyll content after chlorate treatment
compared to the resistant Atchl1-5 plants (Table IT). A second
independent transformed line of Atchll-5 transformed with
pAtEF1a-MtNIP/LATD was also constructed and found to
be chlorate sensitive as well (Suppl. FIG. 2). We therefore
conclude that since MINIP/LATD transports the NO;~ analog
chlorate in planta, it is extremely likely to transport NO;™ in
planta as well.

AtNRT1.1 but not AgDCAT1, Partially Rescues the Medi-
cago Nip-1 Phenotype.

Since MtNIP/LATD restored chlorate sensitivity to the
Arabidopsis chll-5 mutant, we tested whether AtNRT1.1
would restore the Medicago nip-1 mutant to its wild-type
phenotype. At the time that this experiment was performed,
AtNRT1.1 was the only NRT1(PTR) member known to be a
high affinity (dual affinity) NO,~ transporter (Tsay et al.,
2007). We used composite Medicago plant hairy roots (Bois-
son-Dernier et al., 2001) transformed with pAtEFla-At-
NRT1.1 as our test system. Composite plants were grown in
aeroponic chambers in the absence of NO, ™, inoculated with
Sinorhizobium meliloti/phemA::lacZ (Boivin et al., 1990),
and root architecture and nodulation were evaluated at 15
days post inoculation (dpi). The results showed that
AtNRT1.1 partially restored Mtnip-1 root architecture (FIG.
6). The Mtnip-1 mutants transformed with the AtNRT1.1
expression construct had longer primary roots, more elon-
gated LRs and longer [.Rs than Mtnip-1 mutants transformed
with empty vector. However, the nodules in Mtnip-1 plants
transformed with the pAtEF1a-AtNRT1.1 construct had an
Mtnip-1-phenotype, with the presence of brown pigments, no
obvious meristem, and did not differentiate into the zones that
are the hallmark of nitrogen fixing nodules (FIG. 7). Control
plants transformed with pAtEF1oa-MINIP/LATD had wild-
type phenotype nodules (FIG. 7F), and show comparable
rescue of nodulation and root architecture phenotypes as
those transformed with pMINIP, LATD-MtNIP/LATD
(Suppl. FIG. 3) showing that use of the Arabidopsis EFla
promoter is not a limiting factor for complementation of the
Mitnip-1 phenotype. Overall, the experiment shows that
although AtNRT1.1 partially restores the root architecture
phenotype, it is not able to restore normal nodulation to the
Mitnip-1 plants.

We also tested whether the gene encoding the alder sym-
biotic AgDCAT1 dicarboxylate transporter could restore nor-
mal root development or nodulation to Mtnip-1 plants, using
a similar approach as for AINRT1.1, in composite trans-
formed plants. Mtnip-1 plants expressing AgDCAT1 had a
phenotype indistinguishable from Mitnip-1 plants trans-
formed with an empty vector; in contrast. Mtnip-1 plants
expressing MINIP/LATD were restored to wild-type. Wild-
type Al7 plants’ phenotypes were unaffected by AgDCAT1
expression (Suppl. FIG. 3).

Discussion

The major finding of the work reported here is that MtNIP/
LATD protein is a NO,~ transporter, and its NO,~ transport
activity partially correlates with root architecture develop-
ment. Our results also show that MtNIP/LATD has another
unknown biochemical activity which is important to MtNIP/
LATD’s biological roles in nodule development and in the
modulation of root architecture.
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Data for MtNIP/LATD NO;~ transport come from two
complementary experimental approaches. When MNIP/
LATD is expressed in the heterologous X. /aevis oocyte sys-
tem, it enables the oocytes to transport NO;~ in a pH depen-
dent manner, demonstrating that NO,~ transport is Fr driven
(FIG. 3), similar to other NO;~ transporters in the NRT1
(PTR) family (Tsay et al., 1993). NO,~ uptake was charac-
terized as having a Km of 160 pM, making it a high-affinity
(HATS) transporter. A second line of evidence that MtNIP/
LATD is a NO;~ transporter is that its gene’s constitutive
expression can complement the Arabidopsis chll-5 mutant,
containing a deletion spanning the AtNRT1.1 gene (Munos et
al., 2004). Atchll-5 mutants expressing MtNIP/LATD are
susceptible to chlorate, indicating that MINIP/LATD confers
on them the ability to take up the herbicide chlorate, a NO,~
analog, from the media (FIG. 5). Both approaches showing
MINIP/LATD transports NO;~ indicate that the direction of
NO;™ transport is from outside to inside cells.

Although not wanting to be bound by theory. One might
expect Mtnip/latd mutants to exhibit defects in NO,~ uptake.
We measured NO;~ uptake from media by Mtnip-1 and
Mtnip-3 mutants and control wild-type Medicago Al7, and
observed no differences between the plants in NO, ™ uptake at
either 250 uM or at 5 mM NO;~, representative of HATS and
LATS respectively (FIG. 1). This suggests that MINIP/LATD
is not a rate-limiting transporter for NO,~ uptake into plant
tissue. MINIP/LATD is expressed in primary and lateral root
tips (Yendrek et al., 2010); if MtNIP/LATD’s primary bio-
logical role is to transport NO, ™, it may constitute only a small
portion of NO,~ transport in Medicago roots. It is also pos-
sible that in Mtnip/latd mutants, the plant compensates by
upregulating the activity of another transporter. Another pos-
sibility is that MINIP/LLATD’s transport function may be criti-
cal for redistribution of NO;~ within the plant. We found that
Mtnip-1 is apparently normal for NO,~ suppression of nodu-
lation (Table 1), leading us conclude that MtINIP/LATD is
likely not involved in this pathway (Streeter, 1988; Fei and
Vessey, 2008), and/or there are other NO,~ transporters that
can compensate for this function.

Previously, the effects of 10 mM and 50 mM KNO, on
primary root length and LR density in Mtlatd mutants were
monitored; Mtlatd plants, like wild type, do not show altered
LR density in response to global increases in NO;~ (Yendrek
et al., 2010). Here, we examined LR lengths of Mtnip-1 and
Mtnip-3 plants grown in O uM, 250 uM or 5 mM KNO; and
found that the LR length phenotype was rescued for Mtnip-3
and partially rescued for Mtnip-1 at the 5 mM KNO, level, but
not at 250 uM KNO; (FIG. 2), suggesting that MtNIP/LATD
might have a more biologically important role at lower NO;~
concentrations than at higher ones. However, these experi-
ments did not control for the effects of salt concentration on
root architecture, which could have affected abscisic acid
levels, leading to changes in LR lengths (Liang and Harris,
2005; Liang et al., 2007), and thus are only suggestive.

Even though nitrate uptake was not limited in Mtnip/latd
mutants compared to wild type plants, nitrate uptake differed
when these alleles were expressed in oocytes and assayed for
nitrate transport. Nitrate uptake experiments in the oocyte
system showed that the protein encoded by the weakest allele,
Mtnip-3, transported NO, ™~ indistinguishably from wild-type,
while the proteins encoded by the two more severe alleles.
Mtnip-1 and Mtlatd, did not (FIG. 4). The Mtnip-3 mutant has
a phenotype: it forms Fix+/- nodules that accumulate
polyphenolics, and has minor defects in root architecture, in
primary (Teillet et al., 2008; Yendrek et al., 2010) and lateral
(FIG. 2) root length. Thus, there is a correlation between
MINIP/LATD’s ability to transport NO;~ and Mitnip/latd
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mutants’ abilities to form and maintain nodule and root mer-
istems and to form nodules invaded intracellularly by rhizo-
bia. Despite that NO;~ transport by Mtnip-3 protein is indis-
tinguishable from the transport by wild-type MtNIP/LATD.
Mtnip-3 has a root and nodule phenotype. This indicates that
MNIP/LATD must have at least one other function besides
NO;~ transport.

To further address the possible link between MtNIP/LATD
and NO;~ transport, we expressed AtNRT1.1 in Mtnip-1
roots. We observed that the AtNRT.1.1-transformed Mtnip-1
plants are partially restored for their root architecture pheno-
type, but not for the nodulation phenotype. The use of
pAtEF1a is not a limiting factor for phenotype rescue, since
MINIP/LATD, expressed under the control of the same pro-
moter was able to restore both the root architecture phenotype
(not shown) and the nodulation phenotype (FIG. 7). No effect
was observed when AtNRT1.1 was expressed in wild-type
A17 plants (FIGS. 6 and 7). This suggests that AtNRT1.1
protein’s dual affinity NO,~ transport activity affects Mtnip-1
root architecture, and supports the idea that MtNIP/LATD’s
NO,™ transport activity has an important role in modulating
root developmental responses. Additionally, the lack of full
complementation of the root architecture defects by
AtNRT1.1 and the non-complementation of the nodulation
phenotype by AtNRT1.1 suggest that there is a function of
MINIP/LATD that is different from that of AtNRT1.1. Alter-
natively, it is possible that AtNRT1.1 is not as stable in Medi-
cago as is MINIP/LATD, especially in nodules, and that this
is the cause of AtNRT1.1’s inability to complement Mtnip-
1’s nodulation phenotype. Because AtNRT1.1 has been dem-
onstrated to transport auxin in the absence of NO;~ (Krouk et
al., 2010), and NO;~ was only provided during plant trans-
formation in these experiments, another possible explanation
for the observed effects on Mtnip’s roots is that the partial
restoration of normal root architecture was brought about by
AtNRT1.1 induced changes in auxin concentration. When
normally expressed in Arabidopsis, AtINRT1.1 is thought to
prevent auxin accumulation at LR tips by mediating basipetal
auxin transport in LRs, thus halting LR growth (Krouk et al.,
2010); this is the opposite of what we observed in the Mtnip-1
mutant expressing AtINRT1.1 (FIG. 6). Because our experi-
ments used a constitutive promoter to express AtNRT1.1, it is
possible that the perturbation of auxin gradients within the
roots caused the observed changes in root architecture. It is
also curious that the nodule phenotype of Mtnip-1 plants
transformed with AtNRT1.1 is different from that of Mtnip-3.
If'the ability of Mtnip-3 nodules to form a meristem and allow
rhizobia to invade intracellularly is related to Mtnip-3 pro-
tein’s ability to transport NO,~, one would expect to find the
same phenotype in Mtnip-1 plants transformed with
AtNRT1.1 as in Mtnip-3, which is not the case. This datum
further supports the idea that MINIP/L ATD protein’s activity
is more than simply NO;™ transport and is also not explained
by the spectrum of activities inherent in AtNRT1.1.

What role could MtNIP/LATD mediated NO;~ transport
play in nodulation, root architecture development or their
regulation? MINIP/LATD NO;™ transport could supply N at
low NO;™~ concentrations to dividing plant and bacterial cells
early in nodulation, and also to differentiated nodules, at the
dividing and endo-reduplicating cells present in zones I and
11, where MtNIP/LLATD’s promoter is active (Yendrek et al.,
2010). The MtNIP/LATD promoter is also active in primary
root meristems, LR primordia and meristems and surround-
ing tissue, and MtNIP/LATD NO,~ transport could have a
similar role there. In this case, the supply of NO;~ to these
tissues would provide the N required for basic cellular func-
tions required by dividing primordial tissues distant from the
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primary meristem, and facilitating the transition from primor-
dium to self-sustaining meristem by these nascent lateral root
organs.

Alternately, MINIP/LLATD could transport NO;™ as a pre-
cursor to the potent signaling molecule nitric oxide (NO),
early in nodulation and LR development. NO has been
detected in Medicago nodule primordia, not containing intra-
cellular rhizobia, suggesting an active NO pathway in these
cells, as well as in infection threads, where NO could come
from either symbiotic partner (del Giudice et al., 2011). NO
has also been detected in LR primordia in tomato (Correa-
Aragunde et al., 2004). We note however, that nodulation
occurs in environmental conditions where N is limiting;
indeed, our laboratory conditions for nodulation occur in N
starvation. We supply O uM NO;~ during nodulation and only
the trace NO; ™, expected to be in the uM range, present as
contaminants in nutrient media and glassware are available. If
NO;™ is supplied to dividing nodule cells, it must come from
seed NO;~ stores, which should be close to depleted by the
time nodules are forming or be re-mobilized from other
N-rich components within the plant. Another possibility is
that MtNIP/LATD NO,~ transport could participate in a pro-
posed NO,/—NO respiration pathway in nodules (Horchani
etal., 2011; Meilhoc et al., 2011). There are several observa-
tions that argue against this: Mtnip-3, with functional NO;~
transport (FIG. 4), has abnormal nodules (Teillet et al., 2008);
MINIP/LATD’s promoter is active in nodule meristems and
in the invasion zone and not in the N-fixing zone (Yendrek et
al., 2010), suggesting that MtNIP/LLATD may be absent in the
N-fixing zone; and the heterologous MtNIP/LATD expres-
sion experiments suggest direction of NO;™ transport is
towards the cytosol, which is opposite to that suggested for a
NO;™ transporter in the proposed NO;~—NO pathway.

Because MtNIP/LATD has another function besides NO;~
transport, it is plausible that the other function is responsible
for some of the Mtnip/latd mutants’ phenotypes. Here, we
have presented data suggesting that neither histidine nor
dicarboxylates are substrates for MtNIP/LATD transport
(Suppl. Table 1 and Suppl. FIG. 3). We and others have
speculated that MtNIP/LATD may be a NO;~ transceptor or
sensor (Harris and Dickstein, 2010; Yendrek et al., 2010;
Gojon et al., 2011). If it is a NO;™ transceptor or sensor, we
predict that it may be responsible for high-affinity NO;~
sensing. This is because it is a high-affinity transporter and
because the root architecture phenotypes are partially rescued
by high, but not low NO,~ concentrations (FIG. 2). It is also
possible that MINIP/LATD is able to transport a hormone like
ANRT1.1 (Krouk et al., 2010) and AtNRT1.2 (Kanno et al.,
2012), and that is responsible for the other function(s) of
MtNIP/LATD.

Materials and Methods

Plant Growth Conditions.

M. truncatula A17 (wild-type) and nodulation mutants
were grown in aeroponic chambers with Lullien media (Lul-
lienet al., 1987), starved for nitrogen for five days and inocu-
lated with S. medicae strain ABS7 (Bekki et al., 1987) or S.
meliloti strain Rm2011 (Rosenberg et al., 1981) harboring
pXLGD4 (Boivin et al., 1990; Penmetsa and Cook, 1997) as
previously described (Veereshlingam et al., 2004; Pislariu
and Dickstein, 2007). For experiments where Medicago
plants were grown in the presence of N sources, the relevant
N sources were added to Lullien media from the beginning of
the experiment and inoculations were done with ABS7/pX-
LDG4. At 15 dpi, plants were stained with X-Gal to identify
nodules. Arabidopsis plants were grown as described (Srivas-
tava et al., 2008) at 22 C with a 16:8 light:dark light regime.
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Nitrate Uptake Studies in Medicago.

A17, Mtnip-1, and Mtnip-3 seedlings were surface steril-
ized, germinated and placed on buffered nodulation media
(BNM) (Ehrhardt et al., 1992) solidified with agar, pH 5.8,
supplemented with 5 mM NH,NO, and grown for 7 days at 22
Cwitha 16:8 light:dark light regime, with roots shielded from
the light. Plants were transferred to nitrogen-free BNM agar
and grown for three days to starve them for nitrogen. Plants
were placed in liquid BNM media supplemented with either
250 uM or 5 mM KNO,;. Samples from the media were
collected at the indicated times and assayed for NO;~ using
the Cayman (Ann Arbor, Mich., #780001) NO;7/NO,™ assay
kit following manufacturer’s instructions.

Construction of Oocyte Expression Vectors.

RNA was extracted from M. truncatula A17 plants and
mutant Mtnip-1, Mtlatd and Mtnip-3 using the RNeasy kit
(Qiagen, Germantown, Md.). First strand cDNA was tran-
scribed using oligo dT and Superscript III™ reverse tran-
scriptase (Invitrogen, Carlsbad, Calif.) and the wild-type
MINIP/LATD and mutant Mtnip/latd ¢cDNAs were made
using MINIP/LATD specific primers NIPcEXPIR,
NIPcExp1F and NIPcDNANhel_F (Suppl. Table 2) via PCR
with Phusion™ high-fidelity DNA polymerase (New
England Biolabs, Beverly, Mass.). The resulting 1776 bp
c¢DNAs were cloned into transcription vectors pSP64T (Krieg
and Melton, 1984) and pcDNA™3.1(-) (Invitrogen).
AtNRT1.1 cDNA was amplified from pMS008 (see below)
using primers Chl_1F and Chl_1R, cloned into PCR8/GW/
TOPO, and then moved into pOO2/GW (gift from Dr. John
Ward) downstream of an SP6 promoter. All clones were veri-
fied by DNA sequencing.

Binary Vectors.

MNIP/LATD c¢DNA was amplified with NIPC2F and
NIPCODBst1R, digested with Necol and BstEII and ligated
into a vector containing the AtEF 1o promoter engineered to
contain a 5' BamHI site and a 3' Ncol site, making a precise
translational fusion, creating pMS004. Subsequently the
AtEF1a-MtNIP/LATD cDNA fragment was cloned into the
BamHI and BstEII site of binary vector pPCAMBIA2301.
AtNRT1.1 cDNA was amplified from total cDNA made from
wild-type Col-0 Arabidopsis mRNA using primers CHL.11F
and CHL11R, digested with BspHI and BstEIl and cloned
into Ncol and BstEII digested pMS004 to obtain pMS008.
The pAtEF10-AtNRT1.1 fragment was then subcloned into
the BamHI and BstEII sites of pCAMBIA2301. For the pMt-
NIP/LATD-MtNIP/LATD construct, the pAtEFla in
pMS004 was replaced by 3 kbp upstream region of MtNIP/
LATD amplified using NIP10F and NIP PIR primers, fol-
lowed by EcoR1 and Ncol/BspHI digestion to create the
pMSO006 clone. Then the pMS006 EcoRI/BstEIl fragment
was moved into the EcoRI/BstEII site of pCAMBIA2301.
AgDCAT1 cDNA was PCR amplified from pJET1.2-
AgDC471 (gift of Dr. K. Pawlowski) using DC-BglII and DC
Nhel primers and cloned into the BamHI and Nhel sites of
pMSO014 vector, a vector containing the MtNIP/LATD pro-
moter only, to create pMS015. Then the pMS015 EcoRIl/
BstEIl fragment was moved into the EcoRI/BstEII site of
pCAMBIA2301 to create the pMINIP/LATD-AgDCAT1
construct. FIG. 15 shows the primer sequences.

Nitrate and Histidine Uptake in Xenopus laevis Oocytes.

Capped mRNA was transcribed in vitro from linearized
plasmid using SP6 or T7 RNA polymerase (mMESSAGE
mMACHINE, Ambion, Austin, Tex.). Collagenase treated
oocytes were isolated and microinjected with approximately
50 ng RNA in 50 nl sterile H,O. Oocytes microinjected with
50 nl sterile H,O were used as negative controls. Oocytes
were incubated in ND96 solution (Liu and Tsay, 2003) for
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24-40h at 18 C. For NO;™ uptake, ooctyes were incubated in
a solution containing 230 mM mannitol, 15 mM CaCl,, 10
mM HEPES (pH 7.4), containing various KNO; concentra-
tions at pH 5.5 or 7.4, at 16 C for the indicated times. After
incubation, batches of four to six oocytes were lysed in 40 pul.
H,0, centrifuged at 13,500xg for 20 min and the supernatant
analyzed for NO;~ content, as above. For histidine uptake,
oocytes were incubated in ND96 media pH 5.5 at 25 C con-
taining 1 mM uniformly '*C-labeled histidine (Cambridge
Isotope, Andover, Mass.). After incubation, oocytes were
washed five times with the same medium containing 10 mM
unlabeled histidine (Sigma Aldrich, St. Louis, Mo.) and
batches of eight oocytes were lysed in 100 ul. H,O and
centrifuged at 13,500xg for 20 min. The supernatant was
concentrated into 15 pl. using a lyophilizer and analyzed
using ultra performance liquid chromatography-electrospray
ionization-tandem mass spectrometry (UPLC-ESI-MS/MS).

UPLC-ESI-MS/MS Analysis.

13C¢-histidine was quantified using a precolumn derivati-
zation method with 6-aminoquinolyl-N-hydroxysuccinim-
idyl carbamate (AQC) combined with UPLC-ESI-MS/MS.
AQC derivatization was performed using the AccQ-Tag
derivatization kit (Waters Corp., Milford, Mass.) according to
the manufacturer’s protocol. UPLC-ESI-MS/MS analysis
was carried out on a Waters Acquity UPLC system interfaced
to a Waters Xevo TQ mass spectrometer as described (Salazar
etal., 2012). Briefly, the AQC derivatized '*C-histidine was
separated on a Waters AccQ-Tag Ultra column (2.1 mm i.d.x
100 mm, 1.7 pm particles) using AccQ-Tag Ultra eluents
(Waters Corp.) and gradient described earlier (Salazar et al.,
2012). The sample injection volume was 1 pl., the UPLC
column flow rate was 0.7 m[./min, and the column tempera-
ture was 55 C. Mass spectra were acquired using positive
electrospray ionization and the multiple reaction monitoring
mode, with the following ionization source settings: capillary
voltage, 1.99 kV (ESI+); desolvation temperature, 650 C;
desolvation gas flow rate, 1000 L/h; source temperature, 150°
C. Argon was used as collision gas at a flow rate of 0.15
ml./min. The collision energy (CE) and cone voltage (CV)
were optimized for 1*C-histidine using the IntelliStart soft-
ware (CE=26 eV; CV=20 V). The most sensitive parent-
daughter ion transition of derivatized histidine (m/z
332.1>171.0) was selected for quantitation. The mass spec-
trometer response was calibrated by injecting AQC-deriva-
tized-'3C-histidine standard solutions of known concentra-
tion. The UPLC-ESI-MS/MS system control and data
acquisition were performed with Waters Corp. MassLynx™
software. Data analysis was conducted with TargetLynx™
software (Waters Corp.).

Transformation of Atchll-5 Plants with MtNIP/LATD
Expression Construct.

MINIP/LATD expression construct (pAtEF1a-MtNIP/
LATD) was transformed into Agrobacterium tumefaciens
GV3101(pMP90) strain by electroporation. Positive colonies
were selected by colony PCR, verified by restriction diges-
tion, and transformed into Atchl1-5 mutant (Tsay et al., 1993)
by the floral dip method (Clough and Bent, 1998). Seeds were
collected and transformed plants were selected on kanamycin
media. Two independent homozygous transformed lines of
Atchll-5 transformed with pAtEF1a-MINIP/LATD were
selected.

Chlorate Sensitivity Test.

Plants were grown in vermiculite:perlite (1:1 mixture)
under continuous illumination at 25-27 C. Plants were irri-
gated every 2-3 d with medium containing 10 mM KH,PO,
(pH 5.3), 5 mM KNO;, 2 mM MgSO,, 1 mM CaCl,, 0.1 mM
FeEDTA, 50 pM H;BO;, 12 pM MnSO,, 1 pM ZnCl, 1 pM
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CuSO,, and 0.2 pM Na,MoO,. At 5-7 d post germination,
plants were irrigated twice with media containing 2 mM
NaClO,, without NO;~. Three days after C1O0;~ treatment,
plants were switched to irrigation media lacking C1O;~ and
NO,". Plants were examined 7-10 d after C10,~ treatment for
necrosis and bleaching symptoms characteristic of chlorate
toxicity (Wilkinson and Crawford, 1991), and their fresh
weight and chlorophyll contents were obtained. Digital color
photographs of the plants were obtained, corrected for color
balance (Suppl. FIG. 2), converted to grayscale and corrected
for contrast (FIG. 5) using the auto-contrast features of Pho-
toshop (Adobe Software).

Chlorophyll content was determined from approximately
10 mg fresh leaves that were weighed, frozen in liquid N,
ground to fine powder, added to tubes with 100 pl. H,O and 8
ml 96% ethanol and mixed. The tubes were kept at 25 C
overnight, mixed again and the particulates allowed to settle.
The absorbance was recorded at 648.6 nm and 664.2 nm.
Total chlorophyll was calculated as described (Lichtenthaler,
1987).

Medicago Hairy Root Transformation by Expression Con-
structs.

Vectors containing the expression constructs were trans-
formed into Agrobacterium rhizogenes ARqual strain
(Quandt et al., 1993) and A. tumefaciens MSU440 by the
freeze thaw method (Hofgen and Willmitzer, 1988). Positive
ARqual colonies were transformed into Mtnip-1 and A17
plants by the needle poking method (Mortier et al., 2010).
Transformed composite plants were grown as previously
described (Pislariu and Dickstein, 2007).

Analysis of Lateral Root and Nodules in Transformed
Plants.

Root nodules were analyzed at 12 dpi. After visual inspec-
tion, they were stained with X-GAL for lacZ, present in
pXLGD4 plasmid in S. medicae ABS7. Subsequently, the
nodules were mounted in 2.5% LMP agarose and 50 pm
sections were obtained using a 1000 Plus Vibratome (Vi-
bratome, Bannockburn, I1l.) and observed by light micros-
copy. Lateral roots were inspected visually and under a dis-
secting microscope.

Example 7

Arabidopsis is a genus in the family Brassicaceae. They are
small flowering plants related to cabbage and mustard. This
genus is of great interest since it contains thale cress (4rabi-
dopsis thaliana), one of the model organisms used for study-
ing plant biology and the first plant to have its entire genome
sequenced. Meristems are the adult body of vascular plants is
the result of meristematic activity. Although not wanting to be
bound by theory, plant meristems are centers of mitotic cell
division, and are composed of a group of undifferentiated
self-renewing stem cells from which most plant structures
arise. Apical meristems are located at the growing tips of the
adult plant, and produce root and shoot tissue. Shoot apical
meristems (SAM) (2105) initiate leaves during vegetative
development, and inflorescence (IM) (2110) and floral mer-
istems (FM) (2120) during reproductive development.

Turning to FIG. 21 showing Arabidopsis wild type plants
(2101) and plants constitutively expressing MtNIP/LATD
(2102) about 40 days after germination and grown without
supplemental nitrogen fertilizer. Panel A shows a top view
and side view of the wild-type non-transformed control
plants, represented as Arabidopsis Col-0. Panel B shows top
view and side view of the Arabidopsis Col-0 plants constitu-
tively expressing MtNIP/LATD, using the constitutive
AtEF lapromoter. The IM (2110) and FM (2120) are found in



US 9,297,021 B2

35
40 day old plants constitutively expressing MtNIP/LATD, but
not in wild type plants. The side view clearly shows white
flower stalks on most of the plants in Panel B, in contrast to the
absence of such flowers in Panel A.

Turning to FIG. 22 showing Arabidopsis plants trans-
formed with both missense alleles of MtNIP/LATD, in order
to correlate ability of their encoded proteins to transport
nitrate with function in promoting growth. Panel A shows the
top and side view of Arabidopsis Col-0 plants constitutively
expressing Mtnip-3 (2201), using the constitutive AtEF1a-
promoter, wherein Mtnip-3 transports nitrate in Xeropus
oocytes and causes larger plants that flower earlier. The Ara-
bidopsis Col-0 plants constitutively expressing Mitnip-1
(2202), using the constitutive AtEFlapromoter. Mtnip-1
does not transport nitrate in Xenopus oocytes and does not
cause larger plants that flower earlier.

The constitutive expression of the Arabidopsis NRT1.1
gene was tested using the same constitutive AtEF1a pro-
moter. More specifically, FIG. 23 shows the effects of
expressing an Arabidopsis NRT1.1 gene that encodes a dual
affinity nitrate transporter, which is capable of transporting
nitrate with both high and low affinity. It has also been shown
to transport nitrate.

Turning now to FIG. 23, Panel A shows the Arabidopsis
Col-0 plants (2301) constitutively expressing AtNRT1.1,
using the constitutive AtEFla promoter. The NRT1.1 is
capable of transporting nitrate in Xenopus oocytes. Expres-
sion of AtNRT1.1 causes slightly larger plants and several of
the plants flower earlier. Additionally, two other species have
shown similar results. For example, Medicago truncatula
plants having about the same age in the T1 generations are
shown in FIG. 23 Panel B, wherein the two plants on the left
(2330) are Medicago truncatula plants constitutively
expressing MINIP’LATD, and the plant on the right (2340) is
also transformed, but is expressing an unrelated gene, GUS.

Example 8

Medicago truncatula (Barrel Medic or Barrel Medick or
Barrel Clover) is a small legume native to the Mediterranean
region. It is a low-growing, clover-like plant 10-60 cm tall
with trifoliate leaves. Each leaflet is rounded, 1-2 cm long,
often with a dark spot in the center. Generally, the flowers are
yellow, produced singly or in a small inflorescence of 2-5
together; the fruit is a small spiny pod. Turning now to FIG.
24, Panel A, shows the M. truncatula plants transformed with
a control GUS construct, wherein the figure shows the plants
(2410) are not flowering. In contrast, FIG. 24 Panel B are M.
truncatula plants constitutively expressing MINIP/LATD
flower sooner (2420). As indicated, the M. truncatula plants
constitutively expressing MtNIP/LATD flower sooner when
compared to the control plants transformed with the GUS
construct.

Example 9

Tobacco is an agricultural product processed from the
leaves of plants in the genus Nicotiara. It can be consumed,
used as a pesticide and, in the form of nicotine tartrate, used
in some medicines. It is most commonly used as a drug, and
is a valuable cash crop for countries such as Cuba, India,
China, and the United States. Although not wanting to be
bound by theory, tobacco is a name for any plant of the genus
Nicotiana of the Solanaceae family (nightshade family) and
for the product manufactured from the leaf and used in cigars
and cigarettes, snuft, and pipe and chewing tobacco. Tobacco
plants are also used in plant bioengineering, and some of the
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60 species are grown as ornamentals. The chief commercial
species, N. tabacum, is believed native to tropical America,
like most nicotiana plants, but has been so long cultivated that
it is no longer known in the wild. N. rustica, a mild-flavored,
fast-burning species, was the tobacco originally raised in
Virginia, but it is now grown chiefly in Turkey, India, and
Russia. The alkaloid nicotine is the most characteristic con-
stituent of tobacco and is responsible for its addictive nature.
Tobacco was also utilized as a plant for expressing the MtNIP/
LATD gene. More specifically, FIG. 25 shows a top view
(Panel A) and side view (Panel B) of a side-by-side compari-
sons, wherein the tobacco plants transformed with the con-
struct containing a constitutive promoter driving MtNIP/
LATD (2510) are larger than tobacco plants transformed with
the GUS gene (2520).

Example 10

The growth phenotype of the Arabidopsis plants was deter-
mined when the plants are treated to different nitrate condi-
tions. Experiments that compare wild type and transgenic
plants treated with various low nitrate concentrations of 100-
200 uM KNO,, indicate that the Arabidopsis plants constitu-
tively expressing MtNIP/LATD are larger than control plants.
Additionally, high nitrate concentration, 10 mM KNO;, indi-
cate that the control plants are comparable in size to the plants
constitutively expressing MtNIP/LATD. Although not want-
ing to be bound by theory, these experiment indicate that
plants constitutively expressing MtNIP/LATD will do better
in nitrogen poor environments when compared to non-trans-
genic plants.

Although not wanting to be bound by theory, the differ-
ences in growth may be due to a cascade change in gene
regulation. For example, comparison of gene expression/
regulation using an Affymetrix gene chip analysis for the
Arabidopsis plants constitutively expressing MtNIP/LATD
grown at 100 uM KNO; compared to the same plants grown
at 10 mM KNOj; and found that the plants expressing MtNIP/
LATD have about 35 mis-regulated genes. In contrast, non-
transgenic control plants grown under similar conditions
show over 1,000 mis-regulated genes using the Aftymetrix
gene chip analysis.

Although not wanting to be bound by theory, it is possible
that an increase in production of nodules could be linked to
the growth changes observed in wildtype plants and plants
constitutively expressing MTNIP/LATD. More specifically,
FIG. 26 shows the nodules (2601) in a M. Truncatula plant
can be observed in several areas of the root system of the
plant. FIG. 26 indicates at least three nodule areas including:
A primary nodulation zone (2610); A Lateral Root Nodule
Zone (2620); and a secondary nodulation Zone (2630).

M. truncatula plants that constitutively express MtNIP/
LATD are able to produce more nodules per plant when
compared to control plants. More specifically. FIG. 27 shows
that transgenic plants grown in the absence of KNO; have
about twice as many nodules when compared to non-trans-
genic plants (2710). In the presence of a low concentration of
about 0.2 mM KNO;, the transgenic plants still retain about
twice the number of nodules when compared to a non-trans-
genic plant, wherein the number of nodules is about one-fifth
less than transgenic plants grown with 0 mM KNO, (2720). In
contrast, the increase in nodule number almost disappears
when both plants are grown in higher concentrations (i.e. ~1.0
mM of KNO,) (2730).

Although not wanting to be bound by theory, it is not
known if the plants having more nodules actually fix more
nitrogen. The nodules were counted at 15 days post-inocula-
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tion with Sirnorhizobium meliloti. It has been observed upon
close examination of the plants that the extra nodules are
located the secondary nodulation zone, and on the lateral
roots, areas that normally have fewer nodules under our grow-
ing conditions. More specifically, FIG. 28 compares the nod-
ule number in the Primary zone when plants are grown in 0.0
mm, 0.20 mM; and 1.0 mM of KNO,. The graph in FIG. 28
indicates that as the concentration of KNO; increases, the
number of nodules in the primary zone of both the transgenic
and non-transgenic plants decrease about 50%. Moreover, the
number of nodules are almost equal when comparing trans-
genic plants to non-transgenic plants grown at higher concen-
trations of KNO,. Additionally, it appears that the plants and
the plant roots are still about the same size as control plants
not expressing MtNIP/LATD.

Extra nodules located the secondary nodulation zone have
been observed in the transgenic plants. Additionally, the sec-
ondary nodulation zone and lateral roots areas normally have
fewer nodules under the specified growing conditions. More
specifically, FIG. 29 compares the nodule number in the
secondary nodulation zone when plants are grown in 0.0 mm,
0.20 mM; and 1.0 mM of KNO;. The M. truncatula plants
that constitutively express MtNIP/LATD are able to produce
more nodules in the secondary zone when compared to con-
trol plants. More specifically, FIG. 29 shows that transgenic
plants grown in the absence of KNO; have about twice as
many nodules when compared to non-transgenic plants
(2810). In the presence of a low concentration of about 0.2
mM KNO;, the transgenic plants still retain about twice the
number of nodules when compared to a non-transgenic plant,
wherein the number of nodules is about one-fifth less than
transgenic plants grown with 0 mM KNO; (2720). In con-
trast, the increase in nodule number almost disappears when
both plants are grown in higher concentrations (i.e. ~1.0 mM
of KNO,) (2930).

An increased number of nodules located the lateral roots
was observed in the transgenic plants. More specifically. F1G.
30 compares the nodule number in the lateral roots when
plants are grown in 0.0 mm, 0.20 mM; and 1.0 mM of KNO,.
The M. trancatula plants that constitutively express MtNIP/
LATD are able to produce and maintain more nodules in the
lateral roots when compared to control plants. More specifi-
cally, FIG. 29 shows that transgenic plants grown in the
absence of KNO; have about three as many nodules when
compared to non-transgenic plants (2910). In the presence of
a low concentration of about 0.2 mM KNO;, the transgenic
plants still retain about three times the number of nodules
when compared to a non-transgenic plant (2920). In contrast
with the other nodulation zones, the lateral roots maintain the
three fold increase in nodules in the lateral roots even when
both plants are grown in higher concentrations of KNO; (i.e.
~1.0 mM) (2930). However, the total number of nodes in the
lateral roots is about 3-fold less when plants are grown in 1.0
mM KNO; compared to zero KNO,.

Additionally, FIG. 31 shows that MINIP/LATD overex-
pressing lines have more lateral roots in zero or low (0.2 mM
KNO,), but this difference disappears in the presence of 1
mM KNO,.
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atggagtaca caaacagtga tgatgctaca aatgaaaaac tcattgaaaa tggcagctct
tcatcatctt ctcaacccag aaagggtggt ttaagaacca tgccctttat catagtgaat
gagtgtcttg agaaagtggc aagttatgga ataatgccaa acatgatatt atacttgagg
gatgattata acatgcctat tgctaaggct agttatgttc tttctacttg gtctgctatg
tccaatgttt tgtccatctt tggtgetttt ctctctgatt cttacttggg tcgcttcaat
gtcatcacta ttggctcctt ttctagectt cttggtttaa cegttttgtg gttaactgec
atgatcccgg tgctaaaacc tacctgtgca tcactctttg aaatctgtaa ttctgctact
tcatcccaac aagcagttct gttcctttece ttaggattaa tttcaattgg agetggttgt
gttagacctt gttccatage ctttggagca gagcaattga ctattaaggg aaattctggt
gatgggaatg gcaggatctt ggatagttac tttaattggt attatacctc aatttcagtt
tcaaccatta tcgcgttgag tgtgattgcet tacattcaag aaaaccttgg atggaaaatt
gggtttggag tacctgctgt gctaatgctc gtatcggtca tcagtttcat tattggttca
ccgttatatg tcaaagtgaa gccaagtgaa agcttactca ctaattttgc aagagtagtt
gtggtggcaa ccaagaacag aaaacttagt cttcctgatc acgactctga tcgttactgt
caaggtcatg attcaaagct gaaggttcct accgatagecc ttaggttttt gaacaaagct
tgcgtaataa gaaatcctga gacagatctt aatcgagatg ggtcaatttc aaatccegtgg
aacctatgca caatagaaca ggtggagtca ctgaagtctt tgctcagagt cattcctatg
tggtcaacgg gaatctttat gatggcgact cagagttcat tttctactct tcaagccaaa
actttgaacc gaacgttatt cggcaatttc aattttcctg caggatcgtt caatcttatc
ttgatattca ccttaacaat agtaattcct ttatatgacc gtgtaggagt acctctacta
gctaaatacg caggccggcce tagaggattc agttttaaag tccgcatcgg gataggaatg
ctgtttgcaa ttgtagctaa agcagtagca gctattgttg aaacggtgag acgaaatgca
gcgattgaac aagggtttga ggaccaacct aatgctgaaa ttaacatgtc ggctttatgg
cttgctccag agtttatttt gtttggattc gccgaagcett tcacaccagt tggactggtt
gagtttttct actgtttttt ccctaagagt atgtctagtt ttgcaatggce tatgttcaca
ttgggactag cttgttctga cgtagtttca ggtgtgettg tgagcattgt ggacacggtc
actagtattg gagggaatga gagctggtta tcgactaaca tcaatagggg acatttgaat
tactactacg ggctactcac tttcttaggc attcttaact acttctatta tcttgttatt
tgttgggett atggacccat acagggagag aaacatgaag attcggccag aaagaaagac
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gacagatctt

ggtggagtca

gatggcgact

cggcaattte

agtaattcct

tagaggattc

agcagtagca

ggaccaacct

gtttggatte

ataatgccaa

agttatgttce

ctetetgatt

cttggtttaa

tcactettty

ttaggattaa

gagcaattga

tttaattggt

tacattcaag

gtatcggtca

agcttactca

cttectgate

accgatagec

aatcgagatg

ctgaagtett

cagagttcat

aattttectyg

ttatatgacc

agttttaaag

gctattgttyg

aatgctgaaa

gccgaagett

acatgatatt

tttctacttyg

cttacttggyg

cegttttgty

aaatctgtaa

tttcaattgg

ctattaaggg

attatacctc

aaaaccttygg

tcagttteat

ctaattttge

acgactctga

ttaggttttt

ggtcaattte

tgctcagagt

tttctactct

caggatcgtt

gtgtaggagt

tcegecategy

aaacggtgag

ttaacatgtc

tcacaccagt

Ser Ala Leu
Ala Phe Thr
475

Lys Ser Met
490

Cys Ser Asp
505

Thr Ser Ile

Gly His Leu

Asn Tyr Phe

555

Gly Glu Lys
570

Tyr Arg Glu
585

atacttgagg
gtctgetatg
tcgettcaat
gttaactgce
ttctgcetact
agctggttgt
aaattctggt
aatttcagtt
atggaaaatt
tattggttca
aagagtagtt
tegttactgt
gaacaaagct
aaatcecgtygg
cattcctatg
tcaagccaaa
caatcttatc
acctctacta
gataggaatg
acgaaatgca
ggctttatgg

tggactggtt

Trp Leu Ala
460

Pro Val Gly

Ser Ser Phe

Val Val Ser

510

Gly Gly Asn
525

Asn Tyr Tyr
540

Tyr Tyr Leu

His Glu Asp

Leu Pro Thr
590

gatgattata
tccaatgttt
gtcatcacta
atgatccegyg
tcatcccaac
gttagacctt
gatgggaatg
tcaaccatta
gggtttggag
ccgttatatg
gtggtggcaa
caaggtcatg
tgcgtaataa
aacctatgca
tggtcaacgyg
actttgaacc
ttgatattca
gctaaatacg
ctgtttgcaa
gegattgaac
cttgctecag

gagtttttet

Pro Glu
Leu Val
480

Ala Met
495

Gly Val

Glu Ser

Tyr Gly

Val Ile

560

Ser Ala
575

Ser

acatgcctat
tgtccatett
ttggctectt
tgctaaaacc
aagcagttct
gttccatage
gcaggatcett
tcgegttgag
tacctgetgt
tcaaagtgaa
ccaagaacag
attcaaagct
gaaatcctga
caatagaaca
gaatctttat
gaacgttatt
ccttaacaat
caggceggec
ttgtagctaa
aagggtttga
agtttatttt

actgtttttt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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-continued

ccctaagagt atgtctagtt ttgcaatggt tatgttcaca ttgggactag cttgttcectga 1380
cgtagtttca ggtgtgcttyg tgagcattgt ggacacggtc actagtattg gagggaatga 1440
gagctggtta tcgactaaca tcaatagggg acatttgaat tactactacg ggctactcac 1500
tttcttagge attcttaact acttctatta tcttgttatt tgttgggctt atggacccat 1560
acagggagag aaacatgaag attcggccag aaagaaagac gataaatttyg gttacaggga 1620
gttgcctact tcatag 1636
<210> SEQ ID NO 4

<211> LENGTH: 591

<212> TYPE: PRT

<213> ORGANISM: M. Truncatula

<400> SEQUENCE: 4

Met Glu Tyr Thr Asn Ser Asp Asp Ala Thr Asn Glu Lys Leu Ile Glu
1 5 10 15

Asn Gly Ser Ser Ser Ser Ser Ser Gln Pro Arg Lys Gly Gly Leu Arg
20 25 30

Thr Met Pro Phe Ile Ile Val Asn Glu Cys Leu Glu Lys Val Ala Ser
35 40 45

Tyr Gly Ile Met Pro Asn Met Ile Leu Tyr Leu Arg Asp Asp Tyr Asn
50 55 60

Met Pro Ile Ala Lys Ala Ser Tyr Val Leu Ser Thr Trp Ser Ala Met
65 70 75 80

Ser Asn Val Leu Ser Ile Phe Gly Ala Phe Leu Ser Asp Ser Tyr Leu
Gly Arg Phe Asn Val Ile Thr Ile Gly Ser Phe Ser Ser Leu Leu Gly
100 105 110

Leu Thr Val Leu Trp Leu Thr Ala Met Ile Pro Val Leu Lys Pro Thr
115 120 125

Cys Ala Ser Leu Phe Glu Ile Cys Asn Ser Ala Thr Ser Ser Gln Gln
130 135 140

Ala Val Leu Phe Leu Ser Leu Gly Leu Ile Ser Ile Gly Ala Gly Cys
145 150 155 160

Val Arg Pro Cys Ser Ile Ala Phe Gly Ala Glu Gln Leu Thr Ile Lys
165 170 175

Gly Asn Ser Gly Asp Gly Asn Gly Arg Ile Leu Asp Ser Tyr Phe Asn
180 185 190

Trp Tyr Tyr Thr Ser Ile Ser Val Ser Thr Ile Ile Ala Leu Ser Val
195 200 205

Ile Ala Tyr Ile Gln Glu Asn Leu Gly Trp Lys Ile Gly Phe Gly Val
210 215 220

Pro Ala Val Leu Met Leu Val Ser Val Ile Ser Phe Ile Ile Gly Ser
225 230 235 240

Pro Leu Tyr Val Lys Val Lys Pro Ser Glu Ser Leu Leu Thr Asn Phe
245 250 255

Ala Arg Val Val Val Val Ala Thr Lys Asn Arg Lys Leu Ser Leu Pro
260 265 270

Asp His Asp Ser Asp Arg Tyr Cys Gln Gly His Asp Ser Lys Leu Lys
275 280 285

Val Pro Thr Asp Ser Leu Arg Phe Leu Asn Lys Ala Cys Val Ile Arg
290 295 300

Asn Pro Glu Thr Asp Leu Asn Arg Asp Gly Ser Ile Ser Asn Pro Trp
305 310 315 320
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54

Asn Leu Cys

Val Ile Pro

Ser Phe Ser

355

Asn Phe Asn
370

Leu Thr Ile
385

Ala Lys Tyr

Gly Ile Gly

Val Glu Thr

435

Gln Pro Asn
450

Phe Ile Leu
465

Glu Phe Phe

Val Met Phe

Leu Val Ser

515

Trp Leu Ser
530

Leu Leu Thr
545

Cys Trp Ala

Arg Lys Lys

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Ile Glu Gln Val

325

Met Trp Ser Thr Gly

340

Thr Leu Gln Ala Lys

360

Phe Pro Ala Gly Ser

375

Val Ile Pro Leu Tyr
390

Ala Gly Arg Pro Arg

405

Met Leu Phe Ala Ile

420

Val Arg Arg Asn Ala

440

Ala Glu Ile Asn Met

455

Phe Gly Phe Ala Glu
470

Tyr Cys Phe Phe Pro

485

Thr Leu Gly Leu Ala

500

Ile Val Asp Thr Val

520

Thr Asn Ile Asn Arg

535

Phe Leu Gly Ile Leu
550

Tyr Gly Pro Ile Gln

565

Asp Asp Lys Phe Gly

580

D NO 5
H: 1776
DNA

<213> ORGANISM: M. Truncatula

<400> SEQUENCE: 5

atggagtaca

tcatcatctt

gagtgtcttyg

gatgattata

tccaatgttt

gtcatcacta

atgatccegyg

tcatcccaac

gttagacctt

gatgggaatg

caaacagtga

ctcaacccag

agaaagtggc

acatgcctat

tgtccatett

ttggctectt

tgctaaaacc

aagcagttct

gttccatage

gcaggatett

tgatgctaca

aaagggtggt

aagttatgga

tgctaaggcet

tggtgetttt

ttctagectt

tacctgtgeca

gttectttec

ctttggagca

ggatagttac

Glu

Ile

345

Thr

Phe

Asp

Gly

Val

425

Ala

Ser

Ala

Lys

Cys

505

Thr

Gly

Asn

Gly

Tyr
585

Ser

330

Phe

Leu

Asn

Arg

Phe

410

Ala

Ile

Ala

Phe

Ser

490

Ser

Ser

His

Tyr

Glu

570

Arg

Leu

Met

Asn

Leu

Val

395

Ser

Lys

Glu

Leu

Thr

475

Met

Asp

Ile

Leu

Phe

555

Lys

Glu

aatgaaaaac

ttaagaacca

ataatgccaa

agttatgttce

ctetetgatt

cttggtttaa

tcactctttyg

ttaggattaa

gagcaattga

tttaattggt

Lys

Met

Arg

Ile

380

Gly

Phe

Ala

Gln

Trp

460

Pro

Ser

Val

Gly

Asn

540

Tyr

His

Leu

Ser

Ala

Thr

365

Leu

Val

Lys

Val

Gly

445

Leu

Val

Ser

Val

Gly

525

Tyr

Tyr

Glu

Pro

Leu

Thr

350

Leu

Ile

Pro

Val

Ala

430

Phe

Ala

Gly

Phe

Ser

510

Asn

Tyr

Leu

Asp

Thr
590

tcattgaaaa

tgccctttat

acatgatatt

tttctacttg

cttacttggyg

cegttttgtyg

aaatctgtaa

tttcaattgg

ctattaaggyg

attatacctce

Leu Arg
335

Gln Ser

Phe Gly

Phe Thr

Leu Leu
400

Arg Ile
415

Ala Ile

Glu Asp

Pro Glu

Leu Val
480

Ala Met
495

Gly Val

Glu Ser

Tyr Gly

Val Ile

560

Ser Ala
575

Ser

tggcagctet
catagtgaat
atacttgagg
gtctgetatg
tcgettcaat
gttaactgce
ttctgetact
agctggttgt
aaattctggt

aatttcagtt

60

120

180

240

300

360

420

480

540

600
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-continued
tcaaccatta tcgegttgag tgtgattget tacattcaag aaaaccttgg atggaaaatt 660
gggtttggag tacctgctgt gctaatgctc gtatcggtca tcagtttcat tattggttca 720
cegttatatg tcaaagtgaa gccaagtgaa agettactca ctaattttge aagagtagtt 780
gtggtggcaa ccaagaacag aaaacttagt cttcctgatc acgactctga tcegttactgt 840
caaggtcatg attcaaagct gaaggttcct accgatagec ttaggttttt gaacaaagcet 900
tgcgtaataa gaaatcctga gacagatctt aatcgagatg ggtcaatttc aaatccgtgg 960
aacctatgca caatagaaca ggtggagtca ctgaagtctt tgctcagagt cattcctatg 1020
tgatcaacgg gaatctttat gatggcgact cagagttcat tttctactct tcaagccaaa 1080
actttgaacc gaacgttatt cggcaatttc aattttcctg caggatcgtt caatcttatc 1140
ttgatattca ccttaacaat agtaattcct ttatatgacc gtgtaggagt acctctacta 1200
gctaaatacg caggccggcce tagaggattc agttttaaag tccgcatcgg gataggaatg 1260
ctgtttgcaa ttgtagctaa agcagtagca gctattgttg aaacggtgag acgaaatgca 1320
gcgattgaac aagggtttga ggaccaacct aatgctgaaa ttaacatgtc ggctttatgg 1380
cttgctceccag agtttatttt gtttggattc gccgaagett tcacaccagt tggactggtt 1440
gagtttttet actgtttttt ccctaagagt atgtctagtt ttgcaatggc tatgttcaca 1500
ttgggactag cttgttctga cgtagtttca ggtgtgcttg tgagcattgt ggacacggtce 1560
actagtattg gagggaatga gagctggtta tcgactaaca tcaatagggg acatttgaat 1620
tactactacg ggctactcac tttcttaggc attcttaact acttctatta tettgttatt 1680
tgttgggctt atggacccat acagggagag aaacatgaag attcggccag aaagaaagac 1740
gataaatttg gttacaggga gttgcctact tcatag 1776

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 6
H: 590
PRT

ISM: M. Truncatula

<400> SEQUENCE: 6

Met Glu Tyr
1

Asn Gly Ser

Thr Met Pro
35

Tyr Gly Ile
Met Pro Ile
65

Ser Asn Val

Gly Arg Phe

Leu Thr Val

115

Cys Ala Ser
130

Ala Val Leu
145

Thr Asn Ser Asp Asp

Ser Ser Ser Ser Ser

20

Phe Ile Ile Val Asn

40

Met Pro Asn Met Ile

55

Ala Lys Ala Ser Tyr

70

Leu Ser Ile Phe Gly

85

Asn Val Ile Thr Ile

100

Leu Trp Leu Thr Ala

120

Leu Phe Glu Ile Cys

135

Phe Leu Ser Leu Gly
150

Ala

Gln

25

Glu

Leu

Val

Ala

Gly

105

Met

Asn

Leu

Thr

10

Pro

Cys

Tyr

Leu

Phe

90

Ser

Ile

Ser

Ile

Asn

Arg

Leu

Leu

Ser

75

Leu

Phe

Pro

Ala

Ser
155

Glu Lys Leu
Lys Gly Gly
30

Glu Lys Val
45

Arg Asp Asp

Thr Trp Ser

Ser Asp Ser
Ser Ser Leu
110

Val Leu Lys
125

Thr Ser Ser
140

Ile Gly Ala

Ile Glu
15

Leu Arg

Ala Ser

Tyr Asn

Ala Met

80

Tyr Leu

95

Leu Gly

Pro Thr

Gln Gln

Gly Cys
160
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58

Gly

Trp

Ile

Pro

225

Pro

Ala

Asp

Asn
305

Asn

Phe

Phe

Thr

385

Lys

Ile

Glu

Pro

Ile

465

Phe

Met

Leu
Leu
545

Trp

Lys

Arg

Asn

Tyr

Ala

210

Ala

Leu

Arg

His

Pro

290

Pro

Leu

Ile

Ser

Asn

370

Ile

Tyr

Gly

Thr

Asn

450

Leu

Phe

Phe

Ser

Ser
530
Thr

Ala

Lys

Pro

Ser

Tyr

195

Tyr

Val

Tyr

Val

Asp

275

Thr

Glu

Cys

Pro

Thr

355

Phe

Val

Ala

Met

Val

435

Ala

Phe

Tyr

Thr

Ile

515

Thr

Phe

Tyr

Asp

Cys

Gly

180

Thr

Ile

Leu

Val

Val

260

Ser

Asp

Thr

Thr

Met

340

Leu

Pro

Ile

Gly

Leu

420

Arg

Glu

Gly

Cys

Leu

500

Val

Asn

Leu

Gly

Asp

Ser

165

Asp

Ser

Gln

Met

Lys

245

Val

Asp

Ser

Asp

Ile

325

Ser

Gln

Ala

Pro

Arg

405

Phe

Arg

Ile

Phe

Phe

485

Gly

Asp

Ile

Gly

Pro
565

Lys

Ile

Gly

Ile

Glu

Leu

230

Val

Val

Arg

Leu

Leu

310

Glu

Thr

Ala

Gly

Leu

390

Pro

Ala

Asn

Asn

Ala

470

Phe

Leu

Thr

Asn

Ile
550

Ile

Phe

Ala

Asn

Ser

Asn

215

Val

Lys

Ala

Tyr

Arg

295

Asn

Gln

Gly

Lys

Ser

375

Tyr

Arg

Ile

Ala

Met

455

Glu

Pro

Ala

Val

Arg
535
Leu

Gln

Gly

Phe

Gly

Val

200

Leu

Ser

Pro

Thr

Cys

280

Phe

Arg

Val

Ile

Thr

360

Phe

Asp

Gly

Val

Ala

440

Ser

Ala

Lys

Cys

Thr

520

Gly

Asn

Gly

Tyr

Gly

Arg

185

Ser

Gly

Val

Ser

Lys

265

Gln

Leu

Asp

Glu

Phe

345

Leu

Asn

Arg

Phe

Ala

425

Ile

Ala

Phe

Ser

Ser

505

Ser

His

Tyr

Glu

Arg

Ala

170

Ile

Thr

Trp

Ile

Glu

250

Asn

Gly

Asn

Gly

Ser

330

Met

Asn

Leu

Val

Ser

410

Lys

Glu

Leu

Thr

Met

490

Asp

Ile

Leu

Phe

Lys
570

Glu

Glu

Leu

Ile

Lys

Ser

235

Ser

Arg

His

Lys

Ser

315

Leu

Met

Arg

Ile

Gly

395

Phe

Ala

Gln

Trp

Pro

475

Ser

Val

Gly

Asn

Tyr
555

His

Leu

Gln

Asp

Ile

Ile

220

Phe

Leu

Lys

Asp

Ala

300

Ile

Lys

Ala

Thr

Leu

380

Val

Lys

Val

Gly

Leu

460

Val

Ser

Val

Gly

Tyr

540

Tyr

Glu

Pro

Leu

Ser

Ala

205

Gly

Ile

Leu

Leu

Ser

285

Cys

Ser

Ser

Thr

Leu

365

Ile

Pro

Val

Ala

Phe

445

Ala

Gly

Phe

Ser

Asn

525

Tyr

Leu

Asp

Thr

Thr

Tyr

190

Leu

Phe

Ile

Thr

Ser

270

Lys

Val

Asn

Leu

Gln

350

Phe

Phe

Leu

Arg

Ala

430

Glu

Pro

Leu

Ala

Gly

510

Glu

Tyr

Val

Ser

Ser

Ile

175

Phe

Ser

Gly

Gly

Asn

255

Leu

Leu

Ile

Pro

Leu

335

Ser

Gly

Thr

Leu

Ile

415

Ile

Asp

Glu

Val

Met

495

Val

Ser

Gly

Ile

Ala
575

Lys

Asn

Val

Val

Ser

240

Phe

Pro

Lys

Arg

Trp

320

Arg

Ser

Asn

Leu

Ala

400

Gly

Val

Gln

Phe

Glu

480

Ala

Leu

Trp

Leu

Cys
560

Arg
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580 585 590
<210> SEQ ID NO 7
<211> LENGTH: 1776
<212> TYPE: DNA
<213> ORGANISM: M. Truncatula
<400> SEQUENCE: 7
atggagtaca caaacagtga tgatgctaca aatgaaaaac tcattgaaaa tggcagctct 60
tcatcatctt ctcaacccag aaagggtggt ttaagaacca tgccctttat catagtgaat 120
gagtgtcttyg agaaagtggce aagttatgga ataatgccaa acatgatatt atacttgagg 180
gatgattata acatgcctat tgctaaggct agttatgttc tttctacttg gtctgctatg 240
tccaatgttt tgtccatctt tggtgctttt ctectcectgatt cttacttggg tegcecttcaat 300
gtcatcacta ttggctcctt ttctagectt cttggtttaa ccgttttgtg gttaactgece 360
atgatcccegg tgctaaaacc tacctgtgca tcactctttyg aaatctgtaa ttctgctact 420
tcatcccaac aagcagttcect gttectttcee ttaggattaa tttcaattgg agctggttgt 480
gttagacctt gttccatage ctttggagca aagcaattga ctattaaggg aaattctggt 540
gatgggaatg gcaggatctt ggatagttac tttaattggt attatacctc aatttcagtt 600
tcaaccatta tcgegttgag tgtgattget tacattcaag aaaaccttgg atggaaaatt 660
gggtttggag tacctgctgt gctaatgctc gtatcggtca tcagtttcat tattggttca 720
cegttatatg tcaaagtgaa gccaagtgaa agettactca ctaattttge aagagtagtt 780
gtggtggcaa ccaagaacag aaaacttagt cttcctgatc acgactctga tcegttactgt 840
caaggtcatg attcaaagct gaaggttcct accgatagec ttaggttttt gaacaaagcet 900
tgcgtaataa gaaatcctga gacagatctt aatcgagatg ggtcaatttc aaatccgtgg 960
aacctatgca caatagaaca ggtggagtca ctgaagtctt tgctcagagt cattcctatg 1020
tggtcaacgg gaatctttat gatggcgact cagagttcat tttctactct tcaagccaaa 1080
actttgaacc gaacgttatt cggcaatttc aattttcctg caggatcgtt caatcttatc 1140
ttgatattca ccttaacaat agtaattcct ttatatgacc gtgtaggagt acctctacta 1200
gctaaatacg caggccggcce tagaggattc agttttaaag tccgcatcgg gataggaatg 1260
ctgtttgcaa ttgtagctaa agcagtagca gctattgttg aaacggtgag acgaaatgca 1320
gcgattgaac aagggtttga ggaccaacct aatgctgaaa ttaacatgtc ggctttatgg 1380
cttgctceccag agtttatttt gtttggattc gccgaagett tcacaccagt tggactggtt 1440
gagtttttet actgtttttt ccctaagagt atgtctagtt ttgcaatggc tatgttcaca 1500
ttgggactag cttgttctga cgtagtttca ggtgtgcttg tgagcattgt ggacacggtce 1560
actagtattg gagggaatga gagctggtta tcgactaaca tcaatagggg acatttgaat 1620
tactactacg ggctactcac tttcttaggc attcttaact acttctatta tettgttatt 1680
tgttgggctt atggacccat acagggagag aaacatgaag attcggccag aaagaaagac 1740
gataaatttg gttacaggga gttgcctact tcatag 1776

<210> SEQ ID NO 8
<211> LENGTH: 591
<212> TYPE: PRT

<213> ORGANISM: M. Truncatula

<400> SEQUENCE: 8

Met Glu Tyr Thr Asn Ser Asp Asp Ala Thr Asn Glu Lys Leu Ile Glu
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Thr

Tyr

Met

65

Ser

Gly

Leu

Cys

Ala

145

Gly

Trp

Ile

Pro

225

Pro

Ala

Asp

Asn
305

Asn

Ser

Asn

Leu

385

Ala

Gly

Gly

Met

Gly

50

Pro

Asn

Arg

Thr

Ala

130

Val

Arg

Asn

Tyr

Ala

210

Ala

Leu

Arg

His

Pro

290

Pro

Leu

Ile

Phe

Phe
370
Thr

Lys

Ile

Ser

Pro

35

Ile

Ile

Val

Phe

Val

115

Ser

Leu

Pro

Ser

Tyr

195

Tyr

Val

Tyr

Val

Asp

275

Thr

Glu

Cys

Pro

Ser

355

Asn

Ile

Tyr

Gly

Ser

20

Phe

Met

Ala

Leu

Asn

100

Leu

Leu

Phe

Cys

Gly

180

Thr

Ile

Leu

Val

Val

260

Ser

Asp

Thr

Thr

Met

340

Thr

Phe

Val

Ala

Met
420

Ser

Ile

Pro

Lys

Ser

85

Val

Trp

Phe

Leu

Ser

165

Asp

Ser

Gln

Met

Lys

245

Val

Asp

Ser

Asp

Ile

325

Trp

Leu

Pro

Ile

Gly
405

Leu

Ser

Ile

Asn

Ala

70

Ile

Ile

Leu

Glu

Ser

150

Ile

Gly

Ile

Glu

Leu

230

Val

Val

Arg

Leu

Leu

310

Glu

Ser

Gln

Ala

Pro
390

Arg

Phe

Ser

Val

Met

55

Ser

Phe

Thr

Thr

Ile

135

Leu

Ala

Asn

Ser

Asn

215

Val

Lys

Ala

Tyr

Arg

295

Asn

Gln

Thr

Ala

Gly
375
Leu

Pro

Ala

Ser

Asn

40

Ile

Tyr

Gly

Ile

Ala

120

Cys

Gly

Phe

Gly

Val

200

Leu

Ser

Pro

Thr

Cys

280

Phe

Arg

Val

Gly

Lys

360

Ser

Tyr

Arg

Ile

Gln

25

Glu

Leu

Val

Ala

Gly

105

Met

Asn

Leu

Gly

Arg

185

Ser

Gly

Val

Ser

Lys

265

Gln

Leu

Asp

Glu

Ile

345

Thr

Phe

Asp

Gly

Val
425

10

Pro

Cys

Tyr

Leu

Phe

90

Ser

Ile

Ser

Ile

Ala

170

Ile

Thr

Trp

Ile

Glu

250

Asn

Gly

Asn

Gly

Ser

330

Phe

Leu

Asn

Arg

Phe
410

Ala

Arg

Leu

Leu

Ser

75

Leu

Phe

Pro

Ala

Ser

155

Lys

Leu

Ile

Lys

Ser

235

Ser

Arg

His

Lys

Ser

315

Leu

Met

Asn

Leu

Val
395

Ser

Lys

Lys

Glu

Arg

60

Thr

Ser

Ser

Val

Thr

140

Ile

Gln

Asp

Ile

Ile

220

Phe

Leu

Lys

Asp

Ala

300

Ile

Lys

Met

Arg

Ile
380
Gly

Phe

Ala

Gly

Lys

45

Asp

Trp

Asp

Ser

Leu

125

Ser

Gly

Leu

Ser

Ala

205

Gly

Ile

Leu

Leu

Ser

285

Cys

Ser

Ser

Ala

Thr

365

Leu

Val

Lys

Val

Gly

30

Val

Asp

Ser

Ser

Leu

110

Lys

Ser

Ala

Thr

Tyr

190

Leu

Phe

Ile

Thr

Ser

270

Lys

Val

Asn

Leu

Thr

350

Leu

Ile

Pro

Val

Ala
430

15

Leu

Ala

Tyr

Ala

Tyr

95

Leu

Pro

Gln

Gly

Ile

175

Phe

Ser

Gly

Gly

Asn

255

Leu

Leu

Ile

Pro

Leu

335

Gln

Phe

Phe

Leu

Arg
415

Ala

Arg

Ser

Asn

Met

80

Leu

Gly

Thr

Gln

Cys

160

Lys

Asn

Val

Val

Ser

240

Phe

Pro

Lys

Arg

Trp

320

Arg

Ser

Gly

Thr

Leu
400

Ile

Ile
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Gln

Phe

465

Glu

Ala

Leu

Trp

Leu

545

Cys

Arg

Glu Thr Val Arg Arg Asn Ala Ala Ile Glu

435 440

Pro Asn Ala Glu Ile Asn Met Ser Ala Leu

450 455

Ile Leu Phe Gly Phe Ala Glu Ala Phe Thr
470 475

Phe Phe Tyr Cys Phe Phe Pro Lys Ser Met

485 490

Met Phe Thr Leu Gly Leu Ala Cys Ser Asp

500 505

Val Ser Ile Val Asp Thr Val Thr Ser Ile

515 520

Leu Ser Thr Asn Ile Asn Arg Gly His Leu

530 535

Leu Thr Phe Leu Gly Ile Leu Asn Tyr Phe
550 555

Trp Ala Tyr Gly Pro Ile Gln Gly Glu Lys

565 570

Lys Lys Asp Asp Lys Phe Gly Tyr Arg Glu

580 585

<210> SEQ ID NO 9

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 9

tgaaccatgg agtacacaaa cagtgatgat gctac

<210> SEQ ID NO 10

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 10

aaaaaggtca cctatgaagt aggcaactce ctgt

<210> SEQ ID NO 11

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 11

caagtcatga ctcttectga aactaaatct gatgatat

<210> SEQ ID NO 12

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 12

gagctggtca cctcaatgac ccattggaat actcggetce

Gln

Trp

460

Pro

Ser

Val

Gly

Asn

540

Tyr

His

Leu

Gly

445

Leu

Val

Ser

Val

Gly

525

Tyr

Tyr

Glu

Pro

Phe

Ala

Gly

Phe

Ser

510

Asn

Tyr

Leu

Asp

Thr
590

Glu

Pro

Leu

Ala

495

Gly

Glu

Tyr

Val

Ser

575

Ser

Asp

Glu

Val

480

Met

Val

Ser

Gly

Ile

560

Ala

35

34

38

39
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<210> SEQ ID NO 13

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 13

getagetage atggagtaca caaacagtga tgatgcta

<210> SEQ ID NO 14

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 14

gtcggatcect atgaagtagg caactccctyg taac

<210> SEQ ID NO 15

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 15

cgaggatcca tggagtacac aaacagtgat gat

<210> SEQ ID NO 16

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 16

gggtctgett cagtaagcca gatg

<210> SEQ ID NO 17

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 17

gatcctctag agtcgacctyg cagg

<210> SEQ ID NO 18

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 18

taaaatgaaa atctgatact agaattcaag

<210> SEQ ID NO 19

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

38

34

33

24

24

30
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68

<400> SEQUENCE: 19

cactgtttgt gtacttcatg attcactett ctttggtage ttette

<210> SEQ ID NO 20

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 20

tcactagatc tatggaggaa agcaagaaga gttgce

<210> SEQ ID NO 21

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 21

atgcgctage tcacactttt tettetttac catt

<210> SEQ ID NO 22

<211> LENGTH: 967

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 22

ctagagaaga gtgtcatata gattgatggt ccacaatcaa tgaaattttt gggagacgaa
catgtataac catttgcttg aataacctta attaaaaggt gtgattaaat gatgtttgta
acatgtagta ctaaacattc ataaaacaca accaacccaa gaggtattga gtattcacgg
ctaaacaggg gcataatggt aatttaaaga atgatattat tttatgttaa accctaacat
tggtttcgga ttcaacgcta taaataaaac cactctegtt getgatteca tttatcegtte
ttattgacce tagccgetac acacttttet gegatatcte tgaggtaage gttaacgtac
ccttagatceg ttetttttet ttttegtetg ctgatcgttg ctcatattat ttcegatgatt
gttggattcg atgctctttg ttgattgatce gttctgaaaa ttetgatcectyg ttgtttagat
tttatcgatt gttaatatca acgtttcact gcttctaaac gataatttat tcatgaaact
attttcccat tctgatcgat cttgttttga gattttaatt tgttcgattg attgttggtt
ggtggatcta tatacgagtg aacttgttga tttgcgtatt taagatgtat gtegatttga
attgtgattg ggtaattctg gagtagcata acaaatccag tgttcecttt ttctaagggt
aattctcgga ttgtttgett tatatctett gaaattgeeg atttgattga atttagegeg
cttagctcag atgatagage accacaattt ttgtggtgag aaatcggttt gactccgata
geggettttt actatgattg ttttgtgtta aagatgattt tcataatggt tatatatgtce

tactgttttt tattgattca atatttgatt gttctttttt ttgcagattt gttgacagte

tctaacc

<210> SEQ ID NO 23

<211> LENGTH: 2743

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

46

35

34

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

967
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<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 23

ctagagaaga gtgtcatata gattgatggt ccacaatcaa tgaaattttt gggagacgaa 60
catgtataac catttgcttg aataacctta attaaaaggt gtgattaaat gatgtttgta 120
acatgtagta ctaaacattc ataaaacaca accaacccaa gaggtattga gtattcacgg 180
ctaaacaggg gcataatggt aatttaaaga atgatattat tttatgttaa accctaacat 240
tggtttcgga ttcaacgcta taaataaaac cactctegtt getgatteca tttatcgtte 300
ttattgacce tagccgcectac acacttttet gegatatcte tgaggtaage gttaacgtac 360
ccttagatcg ttcetttttet ttttegtctg ctgatcgttg ctcatattat ttcgatgatt 420
gttggattcg atgctctttg ttgattgatc gttctgaaaa ttctgatctg ttgtttagat 480
tttatcgatt gttaatatca acgtttcact gcttctaaac gataatttat tcatgaaact 540
attttcccat tctgatcgat cttgttttga gattttaatt tgttcgattg attgttggtt 600
ggtggatcta tatacgagtg aacttgttga tttgcgtatt taagatgtat gtcgatttga 660
attgtgattg ggtaattctg gagtagcata acaaatccag tgttcccttt ttctaagggt 720
aattctcgga ttgtttgett tatatctctt gaaattgcecg atttgattga atttagecgceg 780
cttagectcag atgatagagc accacaattt ttgtggtgag aaatcggttt gactccgata 840
gcggettttt actatgattg ttttgtgtta aagatgattt tcataatggt tatatatgtce 900
tactgttttt tattgattca atatttgatt gttcectttttt ttgcagattt gttgacagtc 960
tctaaccatg gagtacacaa acagtgatga tgctacaaat gaaaaactca ttgaaaatgg 1020
cagctcttca tcatcttete aacccagaaa gggtggttta agaaccatgce cctttatcat 1080
agtgaatgag tgtcttgaga aagtggcaag ttatggaata atgccaaaca tgatattata 1140
cttgagggat gattataaca tgcctattgc taaggctagt tatgttcttt ctacttggtce 1200
tgctatgtce aatgttttgt ccatctttgg tgcttttete tcectgattctt acttgggtceg 1260
cttcaatgtc atcactattg gctcctttte tagecttett ggtttaaccg ttttgtggtt 1320
aactgccatg atccecggtge taaaacctac ctgtgcatca ctctttgaaa tcectgtaattce 1380
tgctacttca tcccaacaag cagttctgtt cctttectta ggattaattt caattggagce 1440
tggttgtgtt agaccttgtt ccatagcctt tggagcagag caattgacta ttaagggaaa 1500
ttctggtgat gggaatggca ggatcttgga tagttacttt aattggtatt atacctcaat 1560
ttcagtttca accattatcg cgttgagtgt gattgcttac attcaagaaa accttggatg 1620
gaaaattggg tttggagtac ctgctgtgct aatgctcgta tcggtcatca gtttcattat 1680
tggttcaccg ttatatgtca aagtgaagcc aagtgaaagc ttactcacta attttgcaag 1740
agtagttgtg gtggcaacca agaacagaaa acttagtctt cctgatcacg actctgatcg 1800
ttactgtcaa ggtcatgatt caaagctgaa ggttcctacc gatagcctta ggtttttgaa 1860
caaagcttgc gtaataagaa atcctgagac agatcttaat cgagatgggt caatttcaaa 1920
tcegtggaac ctatgcacaa tagaacaggt ggagtcactg aagtctttgce tcagagtcat 1980
tcetatgtgg tcaacgggaa tcetttatgat ggcgactcag agttcatttt ctactcettca 2040
agccaaaact ttgaaccgaa cgttattcgg caatttcaat tttcctgcag gatcgttcaa 2100
tcttatettg atattcacct taacaatagt aattccttta tatgaccgtg taggagtacc 2160
tctactagect aaatacgcag gccggcectag aggattcagt tttaaagtcce gcatcgggat 2220
aggaatgctg tttgcaattg tagctaaagc agtagcagct attgttgaaa cggtgagacg 2280
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aaatgcagcg attgaacaag ggtttgagga ccaacctaat gctgaaatta acatgtcggce 2340
tttatggctt gctccagagt ttattttgtt tggattcgcce gaagctttca caccagttgg 2400
actggttgag tttttctact gttttttcce taagagtatg tctagttttg caatggctat 2460
gttcacattg ggactagctt gttctgacgt agtttcaggt gtgcttgtga gcattgtgga 2520
cacggtcact agtattggag ggaatgagag ctggttatcg actaacatca ataggggaca 2580
tttgaattac tactacgggc tactcacttt cttaggcatt cttaactact tctattatct 2640
tgttatttgt tgggcttatg gacccataca gggagagaaa catgaagatt cggccagaaa 2700
gaaagacgat aaatttggtt acagggagtt gcctacttca tag 2743
<210> SEQ ID NO 24
<211> LENGTH: 2743
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 24
ctagagaaga gtgtcatata gattgatggt ccacaatcaa tgaaattttt gggagacgaa 60
catgtataac catttgcttg aataacctta attaaaaggt gtgattaaat gatgtttgta 120
acatgtagta ctaaacattc ataaaacaca accaacccaa gaggtattga gtattcacgg 180
ctaaacaggg gcataatggt aatttaaaga atgatattat tttatgttaa accctaacat 240
tggtttcgga ttcaacgcta taaataaaac cactctegtt getgatteca tttatcgtte 300
ttattgacce tagccgcectac acacttttet gegatatcte tgaggtaage gttaacgtac 360
ccttagatcg ttcetttttet ttttegtctg ctgatcgttg ctcatattat ttcgatgatt 420
gttggattcg atgctctttg ttgattgatc gttctgaaaa ttctgatctg ttgtttagat 480
tttatcgatt gttaatatca acgtttcact gcttctaaac gataatttat tcatgaaact 540
attttcccat tctgatcgat cttgttttga gattttaatt tgttcgattg attgttggtt 600
ggtggatcta tatacgagtg aacttgttga tttgcgtatt taagatgtat gtcgatttga 660
attgtgattg ggtaattctg gagtagcata acaaatccag tgttcccttt ttctaagggt 720
aattctcgga ttgtttgett tatatctctt gaaattgcecg atttgattga atttagecgceg 780
cttagectcag atgatagagc accacaattt ttgtggtgag aaatcggttt gactccgata 840
gcggettttt actatgattg ttttgtgtta aagatgattt tcataatggt tatatatgtce 900
tactgttttt tattgattca atatttgatt gttcectttttt ttgcagattt gttgacagtc 960
tctaaccatg gagtacacaa acagtgatga tgctacaaat gaaaaactca ttgaaaatgg 1020
cagctcttca tcatcttete aacccagaaa gggtggttta agaaccatgce cctttatcat 1080
agtgaatgag tgtcttgaga aagtggcaag ttatggaata atgccaaaca tgatattata 1140
cttgagggat gattataaca tgcctattgc taaggctagt tatgttcttt ctacttggtce 1200
tgctatgtce aatgttttgt ccatctttgg tgcttttete tcectgattctt acttgggtceg 1260
cttcaatgtc atcactattg gctcctttte tagecttett ggtttaaccg ttttgtggtt 1320
aactgccatg atccecggtge taaaacctac ctgtgcatca ctctttgaaa tcectgtaattce 1380
tgctacttca tcccaacaag cagttctgtt cctttectta ggattaattt caattggagce 1440
tggttgtgtt agaccttgtt ccatagcctt tggagcagag caattgacta ttaagggaaa 1500
ttctggtgat gggaatggca ggatcttgga tagttacttt aattggtatt atacctcaat 1560
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ttcagtttca accattatcg cgttgagtgt gattgcttac attcaagaaa accttggatg 1620
gaaaattggg tttggagtac ctgctgtgct aatgctcgta tcggtcatca gtttcattat 1680
tggttcaccg ttatatgtca aagtgaagcc aagtgaaagc ttactcacta attttgcaag 1740
agtagttgtg gtggcaacca agaacagaaa acttagtctt cctgatcacg actctgatcg 1800
ttactgtcaa ggtcatgatt caaagctgaa ggttcctacc gatagcctta ggtttttgaa 1860
caaagcttgc gtaataagaa atcctgagac agatcttaat cgagatgggt caatttcaaa 1920
tcegtggaac ctatgcacaa tagaacaggt ggagtcactg aagtctttgce tcagagtcat 1980
tcectatgtga tcaacgggaa tcetttatgat ggcgactcag agttcatttt ctactcettca 2040
agccaaaact ttgaaccgaa cgttattcgg caatttcaat tttcctgcag gatcgttcaa 2100
tcttatettg atattcacct taacaatagt aattccttta tatgaccgtg taggagtacc 2160
tctactagect aaatacgcag gccggcectag aggattcagt tttaaagtcce gcatcgggat 2220
aggaatgctg tttgcaattg tagctaaagc agtagcagct attgttgaaa cggtgagacg 2280
aaatgcagcg attgaacaag ggtttgagga ccaacctaat gctgaaatta acatgtcggce 2340
tttatggctt gctccagagt ttattttgtt tggattcgcce gaagctttca caccagttgg 2400
actggttgag tttttctact gttttttcce taagagtatg tctagttttg caatggctat 2460
gttcacattg ggactagctt gttctgacgt agtttcaggt gtgcttgtga gcattgtgga 2520
cacggtcact agtattggag ggaatgagag ctggttatcg actaacatca ataggggaca 2580
tttgaattac tactacgggc tactcacttt cttaggcatt cttaactact tctattatct 2640
tgttatttgt tgggcttatg gacccataca gggagagaaa catgaagatt cggccagaaa 2700
gaaagacgat aaatttggtt acagggagtt gcctacttca tag 2743
<210> SEQ ID NO 25
<211> LENGTH: 3325
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 25
gttgtggttyg gtgctttcect tacattctga gectcetttee ttectaatcca ctcatctgea 60
tcttettgtyg tecttactaa tacctcattg gttccaaatt cecteccttt aagcaccage 120
tegtttetgt tettecacag cctceccaagt atccaaggga ctaaagecte cacattette 180
agatcaggat attcttgttt aagatgttga actctatgga ggtttgtatg aactgatgat 240
ctaggaccgg ataagttcce ttcttcatag cgaacttatt caaagaatgt tttgtgtate 300
attcttgtta cattgttatt aatgaaaaaa tattattggt cattggactg aacacgagtg 360
ttaaatatgg accaggcccce aaataagatc cattgatata tgaattaaat aacaagaata 420
aatcgagtca ccaaaccact tgcctttttt aacgagactt gttcaccaac ttgatacaaa 480
agtcattatc ctatgcaaat caataatcat acaaaaatat ccaataacac taaaaaaatt 540
aaaagaaatg gataatttca caatatgtta tacgataaag aagttacttt tccaagaaat 600
tcactgattt tataagccca cttgcattag ataaatggca aaaaaaaaca aaaaggaaaa 660
gaaataaagc acgaagaatt ctagaaaata cgaaatacgc ttcaatgcag tggggaccca 720
cggttcaatt attgccaatt tttcagetce accgtatatt taaaaaataa aacgataatg 780
ctaaaaaaat ataaatcgta acgatcgtta aatctcaacyg gctggatctt atgacgaccg 840
ttaaggaaat tgtggttgtc ggacgaagtc cagtaataaa cggcgtcaaa gtggttgcag 900



75

US 9,297,021 B2

-continued
ccggeacaca cgagtegtgt ttatcaactc aaagcacaaa tacttttect caacctaaaa 960
ataaggcaat tagccaaaaa caactttgcg tgtaaacaac gctcaataca cgtgtcattt 1020
tattattagc tattgcttca ccgccttage tttetcecgtga cctagtcecgte ctegtetttt 1080
cttcttette ttctataaaa caatacccaa agagctcttce ttcttcacaa ttcagatttce 1140
aatttctcaa aatcttaaaa actttctctce aattctctet accgtgatca aggtaaattt 1200
ctgtgttecct tattctctca aaatcttcga ttttgttttce gttcgatccce aatttcegtat 1260
atgttctttg gtttagattc tgttaatctt agatcgaaga cgattttctg ggtttgatcg 1320
ttagatatca tcttaattct cgattagggt ttcatagata tcatccgatt tgttcaaata 1380
atttgagttt tgtcgaataa ttactcttcg atttgtgatt tctatctaga tcectggtgtta 1440
gtttctagtt tgtgcgatcg aatttgtcga ttaatctgag tttttctgat taacagatge 1500
agatctttgce catggcgege tcecctccaaga acgtcatcaa ggagttcata tggagtacac 1560
aaacagtgat gatgctacaa atgaaaaact cattgaaaat ggcagctctt catcatcttce 1620
tcaacccaga aagggtggtt taagaaccat gccctttatc atagtgaatg agtgtcttga 1680
gaaagtggca agttatggaa taatgccaaa catgatatta tacttgaggg atgattataa 1740
catgcctatt gctaaggcta gttatgttct ttctacttgg tectgctatgt ccaatgtttt 1800
gtccatcttt ggtgctttte tctetgatte ttacttgggt cgcttcaatg tcatcactat 1860
tggctecttt tctagecctte ttggtttaac cgttttgtgg ttaactgcca tgatccecggt 1920
gctaaaacct acctgtgcat cactctttga aatctgtaat tcectgctactt catcccaaca 1980
agcagttctg ttcctttect taggattaat ttcaattgga gectggttgtg ttagaccttg 2040
ttccatagece tttggagcag agcaattgac tattaaggga aattctggtg atgggaatgg 2100
caggatcttg gatagttact ttaattggta ttatacctca atttcagttt caaccattat 2160
cgcgttgagt gtgattgctt acattcaaga aaaccttgga tggaaaattg ggtttggagt 2220
acctgctgtg ctaatgcteg tatcggtcat cagtttcatt attggttcac cgttatatgt 2280
caaagtgaag ccaagtgaaa gcttactcac taattttgca agagtagttg tggtggcaac 2340
caagaacaga aaacttagtc ttcctgatca cgactctgat cgttactgtce aaggtcatga 2400
ttcaaagctg aaggttccta ccgatagcect taggtttttg aacaaagctt gcegtaataag 2460
aaatcctgag acagatctta atcgagatgg gtcaatttca aatccgtgga acctatgcac 2520
aatagaacag gtggagtcac tgaagtcttt gctcagagtc attcctatgt ggtcaacggg 2580
aatctttatg atggcgactc agagttcatt ttctactcectt caagccaaaa ctttgaaccg 2640
aacgttattc ggcaatttca attttcctge aggatcgttc aatcttatct tgatattcac 2700
cttaacaata gtaattcctt tatatgaccg tgtaggagta cctctactag ctaaatacgc 2760
aggccggect agaggattca gttttaaagt ccgcatcggg ataggaatgce tgtttgcaat 2820
tgtagctaaa gcagtagcag ctattgttga aacggtgaga cgaaatgcag cgattgaaca 2880
agggtttgag gaccaaccta atgctgaaat taacatgtcg getttatgge ttgctceccaga 2940
gtttattttg tttggattcg ccgaagcttt cacaccagtt ggactggttg agtttttcta 3000
ctgttttttc cctaagagta tgtctagttt tgcaatggct atgttcacat tgggactagc 3060
ttgttctgac gtagtttcag gtgtgcttgt gagcattgtg gacacggtca ctagtattgg 3120
agggaatgag agctggttat cgactaacat caatagggga catttgaatt actactacgg 3180
gctactcact ttcttaggca ttcttaacta cttctattat cttgttattt gttgggcetta 3240
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tggacccata cagggagaga aacatgaaga tteggccaga aagaaagacg ataaatttgg

ttacagggag ttgcctactt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 26
LENGTH: 11810
TYPE: DNA

FEATURE:

<400> SEQUENCE: 26

catgccaacce acagggttec
atagtgcagt cggcttctga
agtcctaagt tacgcgacag

gttttagtcyg cataaagtag

agagcgeege cgctggectg
ccaaccaacyg ggccgaactg
ceggeaccag gcegegacage
acgttgtgac agtgaccagg
ttgccgageyg catccaggag
acaccaccac gccggeogyge
agcgttcect aatcatcgac
tgaagtttgg ccccegeect

tcgaccagga aggccgcacc

cectgtaceyg cgcacttgag
gtgccttecyg tgaggacgca
gccaagagga acaagcatga
cgaagagatc gaggcggaga
ctcaaccgtyg cggctgeatg
geeggecage ttggecgetyg
tgagtaaaac agcttgegte
aatacgcaag gggaacgcat

aagacgacca tcgcaaccca

ttagtcgatt ccgatcccca
ccgetaaccey ttgteggeat
cggegegact tegtagtgat

atcaaggcag ccgacttegt

accgeccgace tggtggaget
geggectttyg tegtgtegeyg
gegetggecyg ggtacgaget
ccaggcactyg ccgeegecgg
cgegaggtee aggegetgge
aagagaaaat gagcaaaagc

gcaaggctge aacgttggece

OTHER INFORMATION:

catag

cctegggate

cgttcagtge

getgeegece

aatacttgeg

ctgggcetatg

cacgcggecyg

ccggagctgg

ctagaccgec

geeggegegy

cgcatggtgt

cgcacccgga

accctcacce

gtgaaagagg

c¢gcagcgagyg

ttgaccgagyg

aaccgcacca

tgatcgegge

aaatcctgge

aagaaaccga

atgcggtege

gaaggttatc

tctagecege

gggcagtgcc

cgaccgeeceyg

cgacggagcg

getgattecy

ggttaagcag

ggcgatcaaa

geccattett

cacaaccgtt

cgctgaaatt

acaaacacgc

agcctggeag

ORGANISM: Artificial Sequence

Synthesized

aaagtacttt gatccaaccc

agcegtette tgaaaacgac

tgccctttte ctggegtttt

actagaaccyg gagacattac

ccegegteayg caccgacgac

getgcaccaa getgttttece

ccaggatget tgaccaccta

tggccegeayg cacccgcgac

gectgegtag cctggcagag

tgaccgtgtt cgccggeatt

gcgggcgcga ggccgccaag

cggcacagat cgcgcacgec

cggetgecact gettggegty

aagtgacgce caccgaggcec

ccgacgeect ggeggecgec

ggacggccag gacgaaccgt

cgggtacgtyg ttcgagccge

cggtttgtet gatgccaage

gegecgeegt ctaaaaaggt

tgcgtatatyg atgcgatgag

getgtactta accagaaagg

gecectgcaac tegeegggge

cgcgattggg ngCCgthg

acgattgacc gcgacgtgaa

ccccaggegy cggacttgge

gtgcagccaa gcccttacga

cgcattgagyg tcacggatgg

ggcacgcgca tceggeggtga

gagtcecegta tcacgcageg

cttgaatcag aacccgaggyg

aaatcaaaac tcatttgagt

taagtgcegyg ccgtccgage

acacgccage catgaagegg

ctcegetget

atgtcgcaca

cttgtegegt

gccatgaaca

caggacttga

gagaagatca

cgecectggey

ctactggaca

CCgtgggCCg

gecgagtteg

geecgaggceg

cgcgagetga

catcgetega

aggcggegey

gagaatgaac

ttttcattac

cegegeacgt

tggngCCtg

gatgtgtatt

taaataaaca

cgggtcaggc

cgatgttcetyg

ggaagatcaa

ggccatcgge

tgtgtccgey

catatgggee

aaggctacaa

ggttgccgag

cgtgagctac

cgacgetgee

taatgaggta

gcacgcagca

gtcaacttte

3300

3325

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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agttgccgge ggaggatcac accaagctga agatgtacge ggtacgccaa ggcaagacca 2040
ttaccgagct gctatctgaa tacatcgcge agctaccaga gtaaatgagce aaatgaataa 2100
atgagtagat gaattttagc ggctaaagga ggcggcatgg aaaatcaaga acaaccaggc 2160
accgacgcceg tggaatgccce catgtgtgga ggaacgggeyg gttggccagyg cgtaagegge 2220
tgggttgtct geccggcccetyg caatggcact ggaaccccca agcecccgagga atcggcegtga 2280
cggtegcaaa ccatccggcece cggtacaaat cggegeggeyg ctgggtgatyg acctggtgga 2340
gaagttgaag gccgegcagg ccgeccageg gcaacgcatce gaggcagaag cacgccccegyg 2400
tgaatcgtgg caagcggecg ctgatcgaat cegcaaagaa tceccggcaac cgcecggcage 2460
cggtgcgecg tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece 2520
gatgctctat gacgtgggca cccgcgatag tcgcagcatc atggacgtgg ccgttttecg 2580
tctgtcgaag cgtgaccgac gagctggcga ggtgatccege tacgagcttce cagacgggca 2640
cgtagaggtt tccgcagggce cggccggcat ggcecagtgtg tgggattacg acctggtact 2700
gatggceggtt tcccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa 2760
gcceggeege gtgtteegte cacacgttge ggacgtacte aagttctgcece ggcgagecga 2820
tggcggaaag cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt 2880
tgccatgcag cgtacgaaga aggccaagaa cggccgectyg gtgacggtat ccgagggtga 2940
agccttgatt agccgctaca agatcgtaaa gagcgaaacce gggceggcecegyg agtacatcga 3000
gatcgagcta gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgcet 3060
gacggttcac cccgattact ttttgatcga tcccggcatce ggeccgtttte tctaccgect 3120
ggcacgceege gecgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacy 3180
cagtggcagc gccggagagt tcaagaagtt ctgtttcacc gtgcgcaagce tgatcgggtce 3240
aaatgacctg ccggagtacg atttgaagga ggaggcgggg caggctggcece cgatcctagt 3300
catgcgctac cgcaacctga tcgagggcga agcatccgcece ggttcecctaat gtacggagca 3360
gatgctaggg caaattgcce tagcagggga aaaaggtcga aaaggtctct ttecctgtgga 3420
tagcacgtac attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa 3480
cccaaagccg tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa 3540
aggcgatttt tccgcctaaa actctttaaa acttattaaa actcttaaaa cccgectggce 3600
ctgtgcataa ctgtctggcc agcgcacagce cgaagagctg caaaaagcgce ctaccctteg 3660
gtcgetgege tceecctacgcee ccgecgette gegteggect atcgeggecg ctggcecgetce 3720
aaaaatggct ggcctacgge caggcaatct accagggege ggacaagcecyg cgccgtegece 3780
actcgaccgce cggcgcccac atcaaggcac cctgectege gegtttceggt gatgacggtg 3840
aaaacctctg acacatgcag ctcccggaga cggtcacage ttgtctgtaa geggatgecg 3900
ggagcagaca agcccgtcag ggcgegtcag cgggtgttgg cgggtgtegg ggegcageca 3960
tgacccagtc acgtagcgat agcggagtgt atactggcett aactatgcgg catcagagca 4020
gattgtactyg agagtgcacc atatgcggtg tgaaataccg cacagatgcg taaggagaaa 4080
ataccgcatc aggcgctcett cecgcettecte gctcactgac tegcetgeget cggtegtteg 4140
gctgeggega geggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg 4200
ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa 4260
ggcegegttyg ctggegtttt tcecataggcet ccgcceccceet gacgagcatc acaaaaatcyg 4320
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acgctcaagt cagaggtggc gaaacccgac aggactataa agataccagyg cgtttcccce 4380
tggaagctcce ctcecgtgcget ctectgttcee gaccctgecg cttaccggat acctgtecege 4440
ctttctecct tecgggaageg tggcgcttte tcatagetca cgctgtaggt atctcagttce 4500
ggtgtaggtc gttecgctcca agetgggetg tgtgcacgaa ccccccegttce agcccgaccy 4560
ctgcgectta tccggtaact atcgtcecttga gteccaacccg gtaagacacg acttatcgece 4620
actggcagca gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga 4680
gttcttgaag tggtggccta actacggcta cactagaagg acagtatttg gtatctgcege 4740
tctgctgaag ccagttacct tcggaaaaag agttggtage tcecttgatccg gcaaacaaac 4800
caccgcetggt agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg 4860
atctcaagaa gatcctttga tettttectac ggggtctgac gctcagtgga acgaaaactce 4920
acgttaaggg attttggtca tgcattctag gtactaaaac aattcatcca gtaaaatata 4980
atattttatt ttctcccaat caggcttgat ccccagtaag tcaaaaaata gctcgacata 5040
ctgttcttece ccgatatcct cectgatcga ccggacgcag aaggcaatgt cataccactt 5100
gtcecgeecetyg cegettetee caagatcaat aaagccactt actttgccat ctttcacaaa 5160
gatgttgcetg tcectecccaggt cgeccegtggga aaagacaagt tcectcettegg gcecttttecegt 5220
ctttaaaaaa tcatacagct cgcgcggatc tttaaatgga gtgtcttctt cccagtttte 5280
gcaatccaca tcggccagat cgttattcag taagtaatcc aattcggcta agcggctgte 5340
taagctattc gtatagggac aatccgatat gtcgatggag tgaaagagcc tgatgcactce 5400
cgcatacagc tcgataatct tttcagggct ttgttcatct tcatactctt ccgagcaaag 5460
gacgccatecg gectcactca tgagcagatt gctccagcca tcatgcecgtt caaagtgcag 5520
gacctttgga acaggcagct tteccttcecag ccatagcatc atgtcctttt ccecgttecac 5580
atcataggtg gtccctttat accggctgte cgtcattttt aaatataggt tttcattttce 5640
tceccaccage ttatatacct tagcaggaga cattccttece gtatctttta cgcagceggta 5700
tttttcgatc agttttttca attccggtga tattctcatt ttagccattt attatttect 5760
tcetetttte tacagtattt aaagatacce caagaagcta attataacaa gacgaactcce 5820
aattcactgt tccttgcatt ctaaaacctt aaataccaga aaacagcttt ttcaaagttg 5880
ttttcaaagt tggcgtataa catagtatcg acggagccga ttttgaaacc geggtgatca 5940
caggcagcaa cgctctgtca tcecgttacaat caacatgcta ccctccgcga gatcatcegt 6000
gtttcaaacc cggcagctta gttgccgtte ttccgaatag catcggtaac atgagcaaag 6060
tctgeccgect tacaacggcet cteccgetga cgecgteccg gactgatggg ctgectgtat 6120
cgagtggtga ttttgtgccg agctgcecggt cggggagcetg ttggctgget ggtggcagga 6180
tatattgtgg tgtaaacaaa ttgacgctta gacaacttaa taacacattg cggacgtttt 6240
taatgtactg aattaacgcc gaattaattc gggggatctg gattttagta ctggattttg 6300
gttttaggaa ttagaaattt tattgataga agtattttac aaatacaaat acatactaag 6360
ggtttcttat atgctcaaca catgagcgaa accctatagg aaccctaatt cccttatcetg 6420
ggaactactc acacattatt atggagaaac tcgagtcaaa tctcggtgac gggcaggacce 6480
ggacggggceyg gtaccggcag gctgaagtcece agctgccaga aacccacgtce atgcecagtte 6540
cegtgettga ageeggecge ccgcageatyg cegegggggyg catatccgag cgectegtge 6600
atgcgcacgce tecgggtcecgtt gggcageccg atgacagcga ccacgctctt gaagcecctgt 6660
gcctecaggg acttcagcag gtgggtgtag agcgtggage ccagtccegt ccgetggtgg 6720
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cggggggaga cgtacacggt cgactcggcce gtccagtegt aggcegttgeg tgccttecag 6780
gggeccegegt aggcgatgee ggcgaccteg cecgtcecacct cggcgacgag ccagggatag 6840
cgcteeegeca gacggacgag gtegtecgte cactectgeg gttectgegg cteggtacgg 6900
aagttgaccg tgcttgtcte gatgtagtgg ttgacgatgg tgcagaccgce cggcatgtcce 6960
gccteggtgg cacggcggat gteggeceggg cgtcegttcectg ggctcatggt agactcgaga 7020
gagatagatt tgtagagaga gactggtgat ttcagcgtgt cctctccaaa tgaaatgaac 7080
tteccttatat agaggaaggt cttgcgaagg atagtgggat tgtgcgtcat cccttacgtce 7140
agtggagata tcacatcaat ccacttgctt tgaagacgtg gttggaacgt cttcttttte 7200
cacgatgctce ctcecgtgggtyg ggggtceccatce tttgggacca ctgtcggcag aggcatcttg 7260
aacgatagcc tttcectttat cgcaatgatg gcatttgtag gtgccacctt ccttttctac 7320
tgtccttttg atgaagtgac agatagctgg gcaatggaat ccgaggaggt ttcccgatat 7380
taccctttgt tgaaaagtct caatagccct ttggtcttet gagactgtat ctttgatatt 7440
cttggagtag acgagagtgt cgtgctccac catgttatca catcaatcca cttgctttga 7500
agacgtggtt ggaacgtctt ctttttccac gatgctecte gtgggtgggg gtccatcttt 7560
gggaccactg tcggcagagg catcttgaac gatagceccttt cctttatcgce aatgatggca 7620
tttgtaggtg ccaccttect tttctactgt ccttttgatg aagtgacaga tagctgggca 7680
atggaatccg aggaggtttc ccgatattac cctttgttga aaagtctcaa tagccctttg 7740
gtcttctgag actgtatctt tgatattectt ggagtagacg agagtgtcgt gctceccaccat 7800
gttggcaagc tgctctagcce aatacgcaaa ccgcctctec ccgegegttg gccgattceat 7860
taatgcagct ggcacgacag gtttcccgac tggaaagcegg gcagtgagceg caacgcaatt 7920
aatgtgagtt agctcactca ttaggcaccc caggctttac actttatgct tecggctegt 7980
atgttgtgtg gaattgtgag cggataacaa tttcacacag gaaacagcta tgaccatgat 8040
tacgaattcg agctccaccg cggtggcgge cgctctagaa ctagttaatt aaggaattat 8100
cgaaccactt tgtacaagaa agctgaacga gaaacgtaaa atgatataaa tatcaatata 8160
ttaaattaga ttttgcataa aaaacagact acataatact gtaaaacaca acatatccag 8220
tcactatggt cgacctgcag ctagagaaga gtgtcatata gattgatggt ccacaatcaa 8280
tgaaattttt gggagacgaa catgtataac catttgcttg aataacctta attaaaaggt 8340
gtgattaaat gatgtttgta acatgtagta ctaaacattc ataaaacaca accaacccaa 8400
gaggtattga gtattcacgg ctaaacaggg gcataatggt aatttaaaga atgatattat 8460
tttatgttaa accctaacat tggtttcgga ttcaacgcta taaataaaac cactctcgtt 8520
gctgatteca tttatcgtte ttattgaccce tagccgctac acacttttcet gcgatatcete 8580
tgaggtaagc gttaacgtac ccttagatcg ttectttttet ttttegtcectg ctgatcegttg 8640
ctcatattat ttcgatgatt gttggattcg atgctctttg ttgattgatc gttctgaaaa 8700
ttctgatctg ttgtttagat tttatcgatt gttaatatca acgtttcact gcttctaaac 8760
gataatttat tcatgaaact attttcccat tctgatcgat cttgttttga gattttaatt 8820
tgttcgattg attgttggtt ggtggatcta tatacgagtg aacttgttga tttgcgtatt 8880
taagatgtat gtcgatttga attgtgattg ggtaattctg gagtagcata acaaatccag 8940
tgttceettt ttctaagggt aattctcgga ttgtttgett tatatctctt gaaattgecg 9000
atttgattga atttagcgcg cttagctcag atgatagagc accacaattt ttgtggtgag 9060
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aaatcggttt gactccgata gcggettttt actatgattg ttttgtgtta aagatgattt 9120
tcataatggt tatatatgtc tactgttttt tattgattca atatttgatt gttctttttt 9180
ttgcagattt gttgacagtc tctaaccatg gagtacacaa acagtgatga tgctacaaat 9240
gaaaaactca ttgaaaatgg cagctcttca tcatcttctce aacccagaaa gggtggttta 9300
agaaccatgc cctttatcat agtgaatgag tgtcttgaga aagtggcaag ttatggaata 9360
atgccaaaca tgatattata cttgagggat gattataaca tgcctattgce taaggctagt 9420
tatgttettt ctacttggtc tgctatgtce aatgttttgt ccatctttgg tgcttttcte 9480
tctgattett acttgggteg cttcaatgte atcactattg gectcectttte tagecttcett 9540
ggtttaaccg ttttgtggtt aactgccatg atcccggtgce taaaacctac ctgtgcatca 9600
ctctttgaaa tctgtaattc tgctacttca tcccaacaag cagttcectgtt ccectttectta 9660
ggattaattt caattggagc tggttgtgtt agaccttgtt ccatagcctt tggagcaaag 9720
caattgacta ttaagggaaa ttctggtgat gggaatggca ggatcttgga tagttacttt 9780
aattggtatt atacctcaat ttcagtttca accattatcg cgttgagtgt gattgcttac 9840
attcaagaaa accttggatg gaaaattggg tttggagtac ctgctgtgct aatgctcgta 9900
tcggtcatca gtttcattat tggttcaccg ttatatgtca aagtgaagcc aagtgaaagc 9960
ttactcacta attttgcaag agtagttgtg gtggcaacca agaacagaaa acttagtctt 10020
cctgatcacg actctgatcg ttactgtcaa ggtcatgatt caaagctgaa ggttcectacce 10080
gatagcctta ggtttttgaa caaagcttgce gtaataagaa atcctgagac agatcttaat 10140
cgagatgggt caatttcaaa tccgtggaac ctatgcacaa tagaacaggt ggagtcactg 10200
aagtctttge tcagagtcat tcecctatgtgg tcaacgggaa tctttatgat ggcgactcag 10260
agttcatttt ctactcttca agccaaaact ttgaaccgaa cgttattcgg caatttcaat 10320
tttcctgcag gatcgttcaa tettatcttg atattcacct taacaatagt aattccttta 10380
tatgaccgtg taggagtacc tctactagct aaatacgcag gccggcctag aggattcagt 10440
tttaaagtcc gcatcgggat aggaatgctg tttgcaattg tagctaaagce agtagcaget 10500
attgttgaaa cggtgagacg aaatgcagcg attgaacaag ggtttgagga ccaacctaat 10560
gctgaaatta acatgtcgge tttatggectt gectccagagt ttattttgtt tggattcgece 10620
gaagctttca caccagttgg actggttgag tttttctact gttttttccce taagagtatg 10680
tctagttttg caatggctat gttcacattg ggactagctt gttctgacgt agtttcaggt 10740
gtgcttgtga gcattgtgga cacggtcact agtattggag ggaatgagag ctggttatcg 10800
actaacatca ataggggaca tttgaattac tactacgggc tactcacttt cttaggcatt 10860
cttaactact tctattatct tgttatttgt tgggcttatg gacccataca gggagagaaa 10920
catgaagatt cggccagaaa gaaagacgat aaatttggtt acagggagtt gcctacttca 10980
taggttctta agattgaatc ctgttgccgg tcttgcgatg attatcatat aatttetgtt 11040
gaattacgtt aagcatgtaa taattaacat gtaatgcatg acgttattta tgagatgggt 11100
ttttatgatt agagtcccgc aattatacat ttaatacgcg atagaaaaca aaatatagceg 11160
cgcaaactag gataaattat cgcgcgcggt gtcatctatg ttactagatc gggcctaact 11220
caaaatccac acattatacg agccggaagc ataaagtgta aagcctgggg tgcctaatge 11280
ggccgccata gtgactggat atgttgtgtt ttacagtatt atgtagtctg ttttttatge 11340
aaaatctaat ttaatatatt gatatttata tcattttacg tttctecgttc agettttttg 11400
tacaaacttg tttgatagct tggcgcgcect cgaggggggg cccggtacce ggggatccte 11460
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tagagtcgac ctgcaggcat gcggcactgg ccgtcgtttt acaacgtcecgt gactgggaaa 11520
accctggegt tacccaactt aatcgecttg cagcacatce cectttegec agetggegta 11580
atagcgaaga ggcccgcacce gatcgcecctt cccaacagtt gcgcagcectg aatggcgaat 11640
gctagagcag cttgagcecttg gatcagattg tcgtttcecceg ccttcagttt aaactatcag 11700
tgtttgacag gatatattgg cgggtaaacc taagagaaaa gagcgtttat tagaataacg 11760
gatatttaaa agggcgtgaa aaggtttatc cgttcgtcca tttgtatgtg 11810
<210> SEQ ID NO 27
<211> LENGTH: 13036
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 27
catgccaacce acagggttcce cctcegggatce aaagtacttt gatccaacce ctccegetget 60
atagtgcagt cggcttctga cgttcagtge agecgtctte tgaaaacgac atgtcgcaca 120
agtcctaagt tacgcgacag getgccegece tgecctttte ctggegtttt cttgtegegt 180
gttttagtcyg cataaagtag aatacttgcg actagaaccg gagacattac gccatgaaca 240
agagcgecge cgctggectg ctgggctatg ceecgegteag caccgacgac caggacttga 300
ccaaccaacg ggccgaactg cacgcggecg getgcaccaa getgttttece gagaagatca 360
cecggeaccag gcegcegaccge ccggagetgg ccaggatget tgaccaccta cgcectggeg 420
acgttgtgac agtgaccagg ctagaccgece tggeccgecag cacccgcgac ctactggaca 480
ttgcecgageg catccaggag gecggegegg gectgegtag cetggcagag ccegtgggecyg 540
acaccaccac gccggecgge cgcatggtgt tgaccegtgtt cgecggcatt gcecgagtteg 600
agcgttccct aatcatcgac cgcaccegga gegggcegega ggcecgccaag gceccgaggceg 660
tgaagtttgg cccecegecct accctcacce cggcacagat cgegcacgece cgcgagetga 720
tcgaccagga aggccgcacce gtgaaagagg cggctgcact gettggegtyg catcgetcga 780
cectgtaceg cgcacttgag cgcagegagg aagtgacgece caccgaggece aggceggcegceg 840
gtgectteeyg tgaggacgca ttgaccgagg ccgacgecct ggeggecgece gagaatgaac 900
gccaagagga acaagcatga aaccgcacca ggacggcecag gacgaaccgt ttttcattac 960
cgaagagatc gaggcggaga tgatcgegge cgggtacgtyg ttegagecege ccgegecacgt 1020
ctcaaccgtg cggctgcatg aaatcctgge cggtttgtet gatgccaage tggcggectg 1080
gccggcecage ttggecgcetg aagaaaccga gcgccgccgt ctaaaaaggt gatgtgtatt 1140
tgagtaaaac agcttgcgtc atgcggtcge tgcgtatatg atgcgatgag taaataaaca 1200
aatacgcaag gggaacgcat gaaggttatc gctgtactta accagaaagg cgggtcaggc 1260
aagacgacca tcgcaaccca tctageccge gecctgcaac tegecgggge cgatgttetg 1320
ttagtcgatt ccgatcccca gggcagtgce cgcgattggg cggccgtgceg ggaagatcaa 1380
ccgetaaceg ttgteggecat cgaccgecceg acgattgace gegacgtgaa ggccatcgge 1440
cggcgcgact tecgtagtgat cgacggagcg ccccaggcegg cggacttgge tgtgtcecgeg 1500
atcaaggcag ccgacttegt gcectgattccg gtgcagccaa gecccttacga catatgggcece 1560
accgccgacce tggtggagcet ggttaagcag cgcattgagg tcacggatgg aaggctacaa 1620
gcggectttyg tegtgtegeg ggcgatcaaa ggcacgcgca tceggcggtga ggttgccgag 1680



89

US 9,297,021 B2

90

-continued
gcgetggeceg ggtacgagct gcccattett gagtcccgta tcacgcageg cgtgagcetac 1740
ccaggcactg ccgecgecgg cacaaccgtt cttgaatcag aacccgaggyg cgacgetgece 1800
cgcgaggtcce aggcgctgge cgctgaaatt aaatcaaaac tcatttgagt taatgaggta 1860
aagagaaaat gagcaaaagc acaaacacgc taagtgcegg ccegtcecgage gcacgcagca 1920
gcaaggctge aacgttggece agectggcag acacgccage catgaagegg gtcaacttte 1980
agttgccgge ggaggatcac accaagctga agatgtacge ggtacgccaa ggcaagacca 2040
ttaccgagct gctatctgaa tacatcgcge agctaccaga gtaaatgagce aaatgaataa 2100
atgagtagat gaattttagc ggctaaagga ggcggcatgg aaaatcaaga acaaccaggc 2160
accgacgcceg tggaatgccce catgtgtgga ggaacgggeyg gttggccagyg cgtaagegge 2220
tgggttgtct geccggcccetyg caatggcact ggaaccccca agcecccgagga atcggcegtga 2280
cggtegcaaa ccatccggcece cggtacaaat cggegeggeyg ctgggtgatyg acctggtgga 2340
gaagttgaag gccgegcagg ccgeccageg gcaacgcatce gaggcagaag cacgccccegyg 2400
tgaatcgtgg caagcggecg ctgatcgaat cegcaaagaa tceccggcaac cgcecggcage 2460
cggtgcgecg tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece 2520
gatgctctat gacgtgggca cccgcgatag tcgcagcatc atggacgtgg ccgttttecg 2580
tctgtcgaag cgtgaccgac gagctggcga ggtgatccege tacgagcttce cagacgggca 2640
cgtagaggtt tccgcagggce cggccggcat ggcecagtgtg tgggattacg acctggtact 2700
gatggceggtt tcccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa 2760
gcceggeege gtgtteegte cacacgttge ggacgtacte aagttctgcece ggcgagecga 2820
tggcggaaag cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt 2880
tgccatgcag cgtacgaaga aggccaagaa cggccgectyg gtgacggtat ccgagggtga 2940
agccttgatt agccgctaca agatcgtaaa gagcgaaacce gggceggcecegyg agtacatcga 3000
gatcgagcta gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgcet 3060
gacggttcac cccgattact ttttgatcga tcccggcatce ggeccgtttte tctaccgect 3120
ggcacgceege gecgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacy 3180
cagtggcagc gccggagagt tcaagaagtt ctgtttcacc gtgcgcaagce tgatcgggtce 3240
aaatgacctg ccggagtacg atttgaagga ggaggcgggg caggctggcece cgatcctagt 3300
catgcgctac cgcaacctga tcgagggcga agcatccgcece ggttcecctaat gtacggagca 3360
gatgctaggg caaattgcce tagcagggga aaaaggtcga aaaggtctct ttecctgtgga 3420
tagcacgtac attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa 3480
cccaaagccg tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa 3540
aggcgatttt tccgcctaaa actctttaaa acttattaaa actcttaaaa cccgectggce 3600
ctgtgcataa ctgtctggcc agcgcacagce cgaagagctg caaaaagcgce ctaccctteg 3660
gtcgetgege tceecctacgcee ccgecgette gegteggect atcgeggecg ctggcecgetce 3720
aaaaatggct ggcctacgge caggcaatct accagggege ggacaagcecyg cgccgtegece 3780
actcgaccgce cggcgcccac atcaaggcac cctgectege gegtttceggt gatgacggtg 3840
aaaacctctg acacatgcag ctcccggaga cggtcacage ttgtctgtaa geggatgecg 3900
ggagcagaca agcccgtcag ggcgegtcag cgggtgttgg cgggtgtegg ggegcageca 3960
tgacccagtc acgtagcgat agcggagtgt atactggcett aactatgcgg catcagagca 4020
gattgtactyg agagtgcacc atatgcggtg tgaaataccg cacagatgcg taaggagaaa 4080
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ataccgcatc aggcgctcett cecgcettecte gctcactgac tegcetgeget cggtegtteg 4140
gctgeggega geggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg 4200
ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa 4260
ggcegegttyg ctggegtttt tcecataggcet ccgcceccceet gacgagcatc acaaaaatcyg 4320
acgctcaagt cagaggtggc gaaacccgac aggactataa agataccagyg cgtttcccce 4380
tggaagctcce ctcecgtgcget ctectgttcee gaccctgecg cttaccggat acctgtecege 4440
ctttctecct tecgggaageg tggcgcttte tcatagetca cgctgtaggt atctcagttce 4500
ggtgtaggtc gttecgctcca agetgggetg tgtgcacgaa ccccccegttce agcccgaccy 4560
ctgcgectta tccggtaact atcgtcecttga gteccaacccg gtaagacacg acttatcgece 4620
actggcagca gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga 4680
gttcttgaag tggtggccta actacggcta cactagaagg acagtatttg gtatctgcege 4740
tctgctgaag ccagttacct tcggaaaaag agttggtage tcecttgatccg gcaaacaaac 4800
caccgcetggt agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg 4860
atctcaagaa gatcctttga tettttectac ggggtctgac gctcagtgga acgaaaactce 4920
acgttaaggg attttggtca tgcattctag gtactaaaac aattcatcca gtaaaatata 4980
atattttatt ttctcccaat caggcttgat ccccagtaag tcaaaaaata gctcgacata 5040
ctgttcttece ccgatatcct cectgatcga ccggacgcag aaggcaatgt cataccactt 5100
gtcecgeecetyg cegettetee caagatcaat aaagccactt actttgccat ctttcacaaa 5160
gatgttgcetg tcectecccaggt cgeccegtggga aaagacaagt tcectcettegg gcecttttecegt 5220
ctttaaaaaa tcatacagct cgcgcggatc tttaaatgga gtgtcttctt cccagtttte 5280
gcaatccaca tcggccagat cgttattcag taagtaatcc aattcggcta agcggctgte 5340
taagctattc gtatagggac aatccgatat gtcgatggag tgaaagagcc tgatgcactce 5400
cgcatacagc tcgataatct tttcagggct ttgttcatct tcatactctt ccgagcaaag 5460
gacgccatecg gectcactca tgagcagatt gctccagcca tcatgcecgtt caaagtgcag 5520
gacctttgga acaggcagct tteccttcecag ccatagcatc atgtcctttt ccecgttecac 5580
atcataggtg gtccctttat accggctgte cgtcattttt aaatataggt tttcattttce 5640
tceccaccage ttatatacct tagcaggaga cattccttece gtatctttta cgcagceggta 5700
tttttcgatc agttttttca attccggtga tattctcatt ttagccattt attatttect 5760
tcetetttte tacagtattt aaagatacce caagaagcta attataacaa gacgaactcce 5820
aattcactgt tccttgcatt ctaaaacctt aaataccaga aaacagcttt ttcaaagttg 5880
ttttcaaagt tggcgtataa catagtatcg acggagccga ttttgaaacc geggtgatca 5940
caggcagcaa cgctctgtca tcecgttacaat caacatgcta ccctccgcga gatcatcegt 6000
gtttcaaacc cggcagctta gttgccgtte ttccgaatag catcggtaac atgagcaaag 6060
tctgeccgect tacaacggcet cteccgetga cgecgteccg gactgatggg ctgectgtat 6120
cgagtggtga ttttgtgccg agctgcecggt cggggagcetg ttggctgget ggtggcagga 6180
tatattgtgg tgtaaacaaa ttgacgctta gacaacttaa taacacattg cggacgtttt 6240
taatgtactg aattaacgcc gaattaattc gggggatctg gattttagta ctggattttg 6300
gttttaggaa ttagaaattt tattgataga agtattttac aaatacaaat acatactaag 6360
ggtttcttat atgctcaaca catgagcgaa accctatagg aaccctaatt cccttatcetg 6420
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ggaactactc acacattatt atggagaaac tcgagtcaaa tctcggtgac gggcaggacce 6480
ggacggggceyg gtaccggcag gctgaagtcece agctgccaga aacccacgtce atgcecagtte 6540
cegtgettga ageeggecge ccgcageatyg cegegggggyg catatccgag cgectegtge 6600
atgcgcacgce tecgggtcecgtt gggcageccg atgacagcga ccacgctctt gaagcecctgt 6660
gcctecaggg acttcagcag gtgggtgtag agcgtggage ccagtccegt ccgetggtgg 6720
cggggggaga cgtacacggt cgactcggcce gtccagtegt aggcegttgeg tgccttecag 6780
gggeccegegt aggcgatgee ggcgaccteg cecgtcecacct cggcgacgag ccagggatag 6840
cgcteeegeca gacggacgag gtegtecgte cactectgeg gttectgegg cteggtacgg 6900
aagttgaccg tgcttgtcte gatgtagtgg ttgacgatgg tgcagaccgce cggcatgtcce 6960
gccteggtgg cacggcggat gteggeceggg cgtcegttcectg ggctcatggt agactcgaga 7020
gagatagatt tgtagagaga gactggtgat ttcagcgtgt cctctccaaa tgaaatgaac 7080
tteccttatat agaggaaggt cttgcgaagg atagtgggat tgtgcgtcat cccttacgtce 7140
agtggagata tcacatcaat ccacttgctt tgaagacgtg gttggaacgt cttcttttte 7200
cacgatgctce ctcecgtgggtyg ggggtceccatce tttgggacca ctgtcggcag aggcatcttg 7260
aacgatagcc tttcectttat cgcaatgatg gcatttgtag gtgccacctt ccttttctac 7320
tgtccttttg atgaagtgac agatagctgg gcaatggaat ccgaggaggt ttcccgatat 7380
taccctttgt tgaaaagtct caatagccct ttggtcttet gagactgtat ctttgatatt 7440
cttggagtag acgagagtgt cgtgctccac catgttatca catcaatcca cttgctttga 7500
agacgtggtt ggaacgtctt ctttttccac gatgctecte gtgggtgggg gtccatcttt 7560
gggaccactg tcggcagagg catcttgaac gatagceccttt cctttatcgce aatgatggca 7620
tttgtaggtg ccaccttect tttctactgt ccttttgatg aagtgacaga tagctgggca 7680
atggaatccg aggaggtttc ccgatattac cctttgttga aaagtctcaa tagccctttg 7740
gtcttctgag actgtatctt tgatattectt ggagtagacg agagtgtcgt gctceccaccat 7800
gttggcaagc tgctctagcce aatacgcaaa ccgcctctec ccgegegttg gccgattceat 7860
taatgcagct ggcacgacag gtttcccgac tggaaagcegg gcagtgagceg caacgcaatt 7920
aatgtgagtt agctcactca ttaggcaccc caggctttac actttatgct tecggctegt 7980
atgttgtgtg gaattgtgag cggataacaa tttcacacag gaaacagcta tgaccatgat 8040
tacgaattcg agctccaccg cggtggcgge cgctctagaa ctagttaatt aaggaattat 8100
cgaaccactt tgtacaagaa agctgaacga gaaacgtaaa atgatataaa tatcaatata 8160
ttaaattaga ttttgcataa aaaacagact acataatact gtaaaacaca acatatccag 8220
tcactatggt cgacctgcag gttgtggttg gtgctttect tacattctga gectctttece 8280
ttctaatcca ctcatctgca tettettgtg tecttactaa tacctcattg gttccaaatt 8340
cceteecttt aagcaccage tegtttetgt tcetteccacag cctceccaagt atccaaggga 8400
ctaaagcctc cacattcttc agatcaggat attcttgttt aagatgttga actctatgga 8460
ggtttgtatg aactgatgat ctaggaccgg ataagttccc ttcecttcatag cgaacttatt 8520
caaagaatgt tttgtgtatc attcttgtta cattgttatt aatgaaaaaa tattattggt 8580
cattggactg aacacgagtg ttaaatatgg accaggcccc aaataagatc cattgatata 8640
tgaattaaat aacaagaata aatcgagtca ccaaaccact tgcctttttt aacgagactt 8700
gttcaccaac ttgatacaaa agtcattatc ctatgcaaat caataatcat acaaaaatat 8760
ccaataacac taaaaaaatt aaaagaaatg gataatttca caatatgtta tacgataaag 8820
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aagttacttt tccaagaaat tcactgattt tataagccca cttgcattag ataaatggca 8880
aaaaaaaaca aaaaggaaaa gaaataaagc acgaagaatt ctagaaaata cgaaatacgce 8940
ttcaatgcag tggggaccca cggttcaatt attgccaatt tttcagctce accgtatatt 9000
taaaaaataa aacgataatg ctaaaaaaat ataaatcgta acgatcgtta aatctcaacg 9060
gctggatcett atgacgaccg ttaaggaaat tgtggttgtce ggacgaagtc cagtaataaa 9120
cggcgtcaaa gtggttgcag ccggcacaca cgagtcgtgt ttatcaactc aaagcacaaa 9180
tacttttecct caacctaaaa ataaggcaat tagccaaaaa caactttgcg tgtaaacaac 9240
gctcaataca cgtgtcattt tattattagce tattgcttca ccgecttage tttetegtga 9300
cctagtegte ctcecgtcectttt cttettette ttctataaaa caatacccaa agagctcette 9360
ttcttcacaa ttcagatttc aatttctcaa aatcttaaaa actttctcte aattctctcet 9420
accgtgatca aggtaaattt ctgtgttcct tattctctca aaatcttcga ttttgtttte 9480
gttcgatcec aatttcgtat atgttctttg gtttagattc tgttaatctt agatcgaaga 9540
cgattttctg ggtttgatcg ttagatatca tcttaattcect cgattagggt ttcatagata 9600
tcatccgatt tgttcaaata atttgagttt tgtcgaataa ttactcttcg atttgtgatt 9660
tctatctaga tctggtgtta gtttctagtt tgtgcgatcg aatttgtcga ttaatctgag 9720
tttttectgat taacagatgc agatctttgce catggcgege tcectccaaga acgtcatcaa 9780
ggagttcatg cgcttcaagg tgcgcatgga gggcaccgtyg aacggccacg agttcgagat 9840
cgagggcegag ggcgagggcece geccctacga gggcecacaac accgtgaage tgaaggtgac 9900
caagggcggce cccctgcect tegectggga catcctgtece cecccagttee agtacggcetce 9960
caaggtgtac gtgaagcacc ccgccgacat ccccgactac aagaagctgt ccttecccga 10020
gggcttcaag tgggagcgcg tgatgaactt cgaggacggce ggcgtggtga ccgtgaccca 10080
ggactcctee ctgcaggacg gctgcttcat ctacaaggtg aagttcatcg gcgtgaactt 10140
ccectecgac ggccccgtaa tgcagaagaa gaccatggge tgggaggcect ccaccgageg 10200
cctgtaccee cgcgacggceg tgctgaaggg cgagatccac aaggccctga agctgaagga 10260
cggcggcecac tacctggtgg agttcaagtc catctacatg gccaagaagce ccgtgcaget 10320
gcceggctac tactacgtgg actccaaget ggacatcacce tcccacaaac gaggactaca 10380
ccatcgtgga gcagtacgag cgcaccgagg gccgccacca cctgttcectg tagatggagt 10440
acacaaacag tgatgatgct acaaatgaaa aactcattga aaatggcagc tcttcatcat 10500
cttctcaacc cagaaagggt ggtttaagaa ccatgccctt tatcatagtg aatgagtgtce 10560
ttgagaaagt ggcaagttat ggaataatgc caaacatgat attatacttg agggatgatt 10620
ataacatgcc tattgctaag gctagttatg ttctttctac ttggtctget atgtceccaatg 10680
ttttgtccat ctttggtget tttctetcectg attcttactt gggtegette aatgtcatca 10740
ctattggctc cttttctage cttcecttggtt taaccgtttt gtggttaact gccatgatcce 10800
cggtgctaaa acctacctgt gcatcactct ttgaaatctg taattctget acttcatcce 10860
aacaagcagt tctgttcctt tecttaggat taatttcaat tggagectggt tgtgttagac 10920
cttgttceccat agcctttgga gcaaagcaat tgactattaa gggaaattct ggtgatggga 10980
atggcaggat cttggatagt tactttaatt ggtattatac ctcaatttca gtttcaacca 11040
ttatcgegtt gagtgtgatt gcecttacattc aagaaaacct tggatggaaa attgggtttg 11100
gagtacctgce tgtgctaatg ctcegtatcgg tcatcagttt cattattggt tcaccgttat 11160
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atgtcaaagt

caaccaagaa

atgattcaaa

taagaaatcc

gcacaataga

cgggaatcett

accgaacgtt

tcaccttaac

acgcaggecg

caattgtage

aacaagggtt

cagagtttat

tctactgttt

tagcttgtte

ttggagggaa

acgggctact

cttatggacc

ttggttacag

gcgatgatta

tgcatgacgt

tacgcgatag

tctatgttac

agtgtaaagc

agtattatgt

tttacgttte

dgggggeecy

cgttttacaa

acatccccect

acagttgege

ttcecegectt

agaaaagagc

cgtecatttyg

gaagccaagt

cagaaaactt

gctgaaggtt

tgagacagat

acaggtggag

tatgatggeg

attcggcaat

aatagtaatt

gectagagga

taaagcagta

tgaggaccaa

tttgtttgga

tttcectaag

tgacgtagtt

tgagagctgg

cactttctta

catacaggga

ggagttgect

tcatataatt

tatttatgag

aaaacaaaat

tagatcggge

ctggggtgcc

agtctgtttt

tcgtteaget

gtacccgggg

cgtegtgact

ttcgeccaget

agcctgaatg

cagtttaaac

gtttattaga

tatgtg

<210> SEQ ID NO 28
<211> LENGTH: 13036

<212> TYPE:

DNA

gaaagcttac

agtcttectyg

cctaccgata

cttaatcgag

tcactgaagt

actcagagtt

ttcaattttc

cctttatatg

ttcagtttta

gcagctattyg

cctaatgetyg

ttcgccgaag

agtatgtcta

tcaggtgtge

ttatcgacta

ggcattctta

gagaaacatg

acttcatagg

tctgttgaat

atgggttttt

atagcgegea

ctaactcaaa

taatgcggec

ttatgcaaaa

tttttgtaca

atcctctaga

gggaaaacce

ggcgtaatag

gcgaatgeta

tatcagtgtt

ataacggata

tcactaattt

atcacgactc

gecttaggtt

atgggtcaat

ctttgcteag

cattttctac

ctgcaggatce

accgtgtagyg

aagtccgeat

ttgaaacggt

aaattaacat

ctttcacacc

gttttgcaat

ttgtgagcat

acatcaatag

actacttcta

aagattcgge

ttcttaagat

tacgttaage

atgattagag

aactaggata

atccacacat

gccatagtga

tctaatttaa

aacttgtttyg

gtcgacctge

tggcgttace

cgaagaggec

gagcagcttyg

tgacaggata

tttaaaaggg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 28

Synthesized

tgcaagagta gttgtggtgyg
tgatcgttac tgtcaaggtce
tttgaacaaa gcttgcgtaa
ttcaaatccyg tggaacctat
agtcattcct atgtggtcaa
tcttcaagee aaaactttga
gttcaatctt atcttgatat
agtacctcta ctagctaaat
cgggatagga atgctgtttyg
gagacgaaat gcagcgattg
gtceggettta tggettgete
agttggactg gttgagtttt
ggctatgtte acattgggac
tgtggacacg gtcactagta
gggacatttg aattactact
ttatcttgtt atttgttggg
cagaaagaaa gacgataaat
tgaatcctgt tgccggtett
atgtaataat taacatgtaa
tccegcaatt atacatttaa
aattatcgceg cgcggtgtca
tatacgagcce ggaagcataa
ctggatatgt tgtgttttac
tatattgata tttatatcat
atagcttgge gegectcgag
aggcatgegg cactggecgt
caacttaatc gccttgcage
cgcaccgate geecttececa
agcttggatce agattgtegt
tattggcggg taaacctaag

cgtgaaaagg tttatcecgtt

catgccaacce acagggttece cctegggate aaagtacttt gatccaacce ctecegetget

atagtgcagt cggcttctga cgttcagtge agecgtette tgaaaacgac atgtcegcaca

agtcctaagt tacgcgacag getgecgece tgecctttte ctggegtttt cttgtegegt

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13036

60

120

180
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gttttagtcyg cataaagtag aatacttgcg actagaaccg gagacattac gccatgaaca 240
agagcgecge cgctggectg ctgggctatg ceecgegteag caccgacgac caggacttga 300
ccaaccaacg ggccgaactg cacgcggecg getgcaccaa getgttttece gagaagatca 360
cecggeaccag gcegcegaccge ccggagetgg ccaggatget tgaccaccta cgcectggeg 420
acgttgtgac agtgaccagg ctagaccgece tggeccgecag cacccgcgac ctactggaca 480
ttgcecgageg catccaggag gecggegegg gectgegtag cetggcagag ccegtgggecyg 540
acaccaccac gccggecgge cgcatggtgt tgaccegtgtt cgecggcatt gcecgagtteg 600
agcgttccct aatcatcgac cgcaccegga gegggcegega ggcecgccaag gceccgaggceg 660
tgaagtttgg cccecegecct accctcacce cggcacagat cgegcacgece cgcgagetga 720
tcgaccagga aggccgcacce gtgaaagagg cggctgcact gettggegtyg catcgetcga 780
cectgtaceg cgcacttgag cgcagegagg aagtgacgece caccgaggece aggceggcegceg 840
gtgectteeyg tgaggacgca ttgaccgagg ccgacgecct ggeggecgece gagaatgaac 900
gccaagagga acaagcatga aaccgcacca ggacggcecag gacgaaccgt ttttcattac 960
cgaagagatc gaggcggaga tgatcgegge cgggtacgtyg ttegagecege ccgegecacgt 1020
ctcaaccgtg cggctgcatg aaatcctgge cggtttgtet gatgccaage tggcggectg 1080
gccggcecage ttggecgcetg aagaaaccga gcgccgccgt ctaaaaaggt gatgtgtatt 1140
tgagtaaaac agcttgcgtc atgcggtcge tgcgtatatg atgcgatgag taaataaaca 1200
aatacgcaag gggaacgcat gaaggttatc gctgtactta accagaaagg cgggtcaggc 1260
aagacgacca tcgcaaccca tctageccge gecctgcaac tegecgggge cgatgttetg 1320
ttagtcgatt ccgatcccca gggcagtgce cgcgattggg cggccgtgceg ggaagatcaa 1380
ccgetaaceg ttgteggecat cgaccgecceg acgattgace gegacgtgaa ggccatcgge 1440
cggcgcgact tecgtagtgat cgacggagcg ccccaggcegg cggacttgge tgtgtcecgeg 1500
atcaaggcag ccgacttegt gcectgattccg gtgcagccaa gecccttacga catatgggcece 1560
accgccgacce tggtggagcet ggttaagcag cgcattgagg tcacggatgg aaggctacaa 1620
gcggectttyg tegtgtegeg ggcgatcaaa ggcacgcgca tceggcggtga ggttgccgag 1680
gcgetggeceg ggtacgagct gcccattett gagtcccgta tcacgcageg cgtgagcetac 1740
ccaggcactg ccgecgecgg cacaaccgtt cttgaatcag aacccgaggyg cgacgetgece 1800
cgcgaggtcce aggcgctgge cgctgaaatt aaatcaaaac tcatttgagt taatgaggta 1860
aagagaaaat gagcaaaagc acaaacacgc taagtgcegg ccegtcecgage gcacgcagca 1920
gcaaggctge aacgttggece agectggcag acacgccage catgaagegg gtcaacttte 1980
agttgccgge ggaggatcac accaagctga agatgtacge ggtacgccaa ggcaagacca 2040
ttaccgagct gctatctgaa tacatcgcge agctaccaga gtaaatgagce aaatgaataa 2100
atgagtagat gaattttagc ggctaaagga ggcggcatgg aaaatcaaga acaaccaggc 2160
accgacgcceg tggaatgccce catgtgtgga ggaacgggeyg gttggccagyg cgtaagegge 2220
tgggttgtct geccggcccetyg caatggcact ggaaccccca agcecccgagga atcggcegtga 2280
cggtegcaaa ccatccggcece cggtacaaat cggegeggeyg ctgggtgatyg acctggtgga 2340
gaagttgaag gccgegcagg ccgeccageg gcaacgcatce gaggcagaag cacgccccegyg 2400
tgaatcgtgg caagcggecg ctgatcgaat cegcaaagaa tceccggcaac cgcecggcage 2460
cggtgcgecg tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece 2520
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gatgctctat gacgtgggca cccgcgatag tcgcagcatc atggacgtgg ccgttttecg 2580
tctgtcgaag cgtgaccgac gagctggcga ggtgatccege tacgagcttce cagacgggca 2640
cgtagaggtt tccgcagggce cggccggcat ggcecagtgtg tgggattacg acctggtact 2700
gatggceggtt tcccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa 2760
gcceggeege gtgtteegte cacacgttge ggacgtacte aagttctgcece ggcgagecga 2820
tggcggaaag cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt 2880
tgccatgcag cgtacgaaga aggccaagaa cggccgectyg gtgacggtat ccgagggtga 2940
agccttgatt agccgctaca agatcgtaaa gagcgaaacce gggceggcecegyg agtacatcga 3000
gatcgagcta gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgcet 3060
gacggttcac cccgattact ttttgatcga tcccggcatce ggeccgtttte tctaccgect 3120
ggcacgceege gecgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacy 3180
cagtggcagc gccggagagt tcaagaagtt ctgtttcacc gtgcgcaagce tgatcgggtce 3240
aaatgacctg ccggagtacg atttgaagga ggaggcgggg caggctggcece cgatcctagt 3300
catgcgctac cgcaacctga tcgagggcga agcatccgcece ggttcecctaat gtacggagca 3360
gatgctaggg caaattgcce tagcagggga aaaaggtcga aaaggtctct ttecctgtgga 3420
tagcacgtac attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa 3480
cccaaagccg tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa 3540
aggcgatttt tccgcctaaa actctttaaa acttattaaa actcttaaaa cccgectggce 3600
ctgtgcataa ctgtctggcc agcgcacagce cgaagagctg caaaaagcgce ctaccctteg 3660
gtcgetgege tceecctacgcee ccgecgette gegteggect atcgeggecg ctggcecgetce 3720
aaaaatggct ggcctacgge caggcaatct accagggege ggacaagcecyg cgccgtegece 3780
actcgaccgce cggcgcccac atcaaggcac cctgectege gegtttceggt gatgacggtg 3840
aaaacctctg acacatgcag ctcccggaga cggtcacage ttgtctgtaa geggatgecg 3900
ggagcagaca agcccgtcag ggcgegtcag cgggtgttgg cgggtgtegg ggegcageca 3960
tgacccagtc acgtagcgat agcggagtgt atactggcett aactatgcgg catcagagca 4020
gattgtactyg agagtgcacc atatgcggtg tgaaataccg cacagatgcg taaggagaaa 4080
ataccgcatc aggcgctcett cecgcettecte gctcactgac tegcetgeget cggtegtteg 4140
gctgeggega geggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg 4200
ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa 4260
ggcegegttyg ctggegtttt tcecataggcet ccgcceccceet gacgagcatc acaaaaatcyg 4320
acgctcaagt cagaggtggc gaaacccgac aggactataa agataccagyg cgtttcccce 4380
tggaagctcce ctcecgtgcget ctectgttcee gaccctgecg cttaccggat acctgtecege 4440
ctttctecct tecgggaageg tggcgcttte tcatagetca cgctgtaggt atctcagttce 4500
ggtgtaggtc gttecgctcca agetgggetg tgtgcacgaa ccccccegttce agcccgaccy 4560
ctgcgectta tccggtaact atcgtcecttga gteccaacccg gtaagacacg acttatcgece 4620
actggcagca gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga 4680
gttcttgaag tggtggccta actacggcta cactagaagg acagtatttg gtatctgcege 4740
tctgctgaag ccagttacct tcggaaaaag agttggtage tcecttgatccg gcaaacaaac 4800
caccgcetggt agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg 4860
atctcaagaa gatcctttga tettttectac ggggtctgac gctcagtgga acgaaaactce 4920
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acgttaaggg attttggtca tgcattctag gtactaaaac aattcatcca gtaaaatata 4980
atattttatt ttctcccaat caggcttgat ccccagtaag tcaaaaaata gctcgacata 5040
ctgttcttece ccgatatcct cectgatcga ccggacgcag aaggcaatgt cataccactt 5100
gtcecgeecetyg cegettetee caagatcaat aaagccactt actttgccat ctttcacaaa 5160
gatgttgcetg tcectecccaggt cgeccegtggga aaagacaagt tcectcettegg gcecttttecegt 5220
ctttaaaaaa tcatacagct cgcgcggatc tttaaatgga gtgtcttctt cccagtttte 5280
gcaatccaca tcggccagat cgttattcag taagtaatcc aattcggcta agcggctgte 5340
taagctattc gtatagggac aatccgatat gtcgatggag tgaaagagcc tgatgcactce 5400
cgcatacagc tcgataatct tttcagggct ttgttcatct tcatactctt ccgagcaaag 5460
gacgccatecg gectcactca tgagcagatt gctccagcca tcatgcecgtt caaagtgcag 5520
gacctttgga acaggcagct tteccttcecag ccatagcatc atgtcctttt ccecgttecac 5580
atcataggtg gtccctttat accggctgte cgtcattttt aaatataggt tttcattttce 5640
tceccaccage ttatatacct tagcaggaga cattccttece gtatctttta cgcagceggta 5700
tttttcgatc agttttttca attccggtga tattctcatt ttagccattt attatttect 5760
tcetetttte tacagtattt aaagatacce caagaagcta attataacaa gacgaactcce 5820
aattcactgt tccttgcatt ctaaaacctt aaataccaga aaacagcttt ttcaaagttg 5880
ttttcaaagt tggcgtataa catagtatcg acggagccga ttttgaaacc geggtgatca 5940
caggcagcaa cgctctgtca tcecgttacaat caacatgcta ccctccgcga gatcatcegt 6000
gtttcaaacc cggcagctta gttgccgtte ttccgaatag catcggtaac atgagcaaag 6060
tctgeccgect tacaacggcet cteccgetga cgecgteccg gactgatggg ctgectgtat 6120
cgagtggtga ttttgtgccg agctgcecggt cggggagcetg ttggctgget ggtggcagga 6180
tatattgtgg tgtaaacaaa ttgacgctta gacaacttaa taacacattg cggacgtttt 6240
taatgtactg aattaacgcc gaattaattc gggggatctg gattttagta ctggattttg 6300
gttttaggaa ttagaaattt tattgataga agtattttac aaatacaaat acatactaag 6360
ggtttcttat atgctcaaca catgagcgaa accctatagg aaccctaatt cccttatcetg 6420
ggaactactc acacattatt atggagaaac tcgagtcaaa tctcggtgac gggcaggacce 6480
ggacggggceyg gtaccggcag gctgaagtcece agctgccaga aacccacgtce atgcecagtte 6540
cegtgettga ageeggecge ccgcageatyg cegegggggyg catatccgag cgectegtge 6600
atgcgcacgce tecgggtcecgtt gggcageccg atgacagcga ccacgctctt gaagcecctgt 6660
gcctecaggg acttcagcag gtgggtgtag agcgtggage ccagtccegt ccgetggtgg 6720
cggggggaga cgtacacggt cgactcggcce gtccagtegt aggcegttgeg tgccttecag 6780
gggeccegegt aggcgatgee ggcgaccteg cecgtcecacct cggcgacgag ccagggatag 6840
cgcteeegeca gacggacgag gtegtecgte cactectgeg gttectgegg cteggtacgg 6900
aagttgaccg tgcttgtcte gatgtagtgg ttgacgatgg tgcagaccgce cggcatgtcce 6960
gccteggtgg cacggcggat gteggeceggg cgtcegttcectg ggctcatggt agactcgaga 7020
gagatagatt tgtagagaga gactggtgat ttcagcgtgt cctctccaaa tgaaatgaac 7080
tteccttatat agaggaaggt cttgcgaagg atagtgggat tgtgcgtcat cccttacgtce 7140
agtggagata tcacatcaat ccacttgctt tgaagacgtg gttggaacgt cttcttttte 7200
cacgatgctce ctcecgtgggtyg ggggtceccatce tttgggacca ctgtcggcag aggcatcttg 7260
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aacgatagcc tttcectttat cgcaatgatg gcatttgtag gtgccacctt ccttttctac 7320
tgtccttttg atgaagtgac agatagctgg gcaatggaat ccgaggaggt ttcccgatat 7380
taccctttgt tgaaaagtct caatagccct ttggtcttet gagactgtat ctttgatatt 7440
cttggagtag acgagagtgt cgtgctccac catgttatca catcaatcca cttgctttga 7500
agacgtggtt ggaacgtctt ctttttccac gatgctecte gtgggtgggg gtccatcttt 7560
gggaccactg tcggcagagg catcttgaac gatagceccttt cctttatcgce aatgatggca 7620
tttgtaggtg ccaccttect tttctactgt ccttttgatg aagtgacaga tagctgggca 7680
atggaatccg aggaggtttc ccgatattac cctttgttga aaagtctcaa tagccctttg 7740
gtcttctgag actgtatctt tgatattectt ggagtagacg agagtgtcgt gctceccaccat 7800
gttggcaagc tgctctagcce aatacgcaaa ccgcctctec ccgegegttg gccgattceat 7860
taatgcagct ggcacgacag gtttcccgac tggaaagcegg gcagtgagceg caacgcaatt 7920
aatgtgagtt agctcactca ttaggcaccc caggctttac actttatgct tecggctegt 7980
atgttgtgtg gaattgtgag cggataacaa tttcacacag gaaacagcta tgaccatgat 8040
tacgaattcg agctccaccg cggtggcgge cgctctagaa ctagttaatt aaggaattat 8100
cgaaccactt tgtacaagaa agctgaacga gaaacgtaaa atgatataaa tatcaatata 8160
ttaaattaga ttttgcataa aaaacagact acataatact gtaaaacaca acatatccag 8220
tcactatggt cgacctgcag gttgtggttg gtgctttect tacattctga gectctttece 8280
ttctaatcca ctcatctgca tettettgtg tecttactaa tacctcattg gttccaaatt 8340
cceteecttt aagcaccage tegtttetgt tcetteccacag cctceccaagt atccaaggga 8400
ctaaagcctc cacattcttc agatcaggat attcttgttt aagatgttga actctatgga 8460
ggtttgtatg aactgatgat ctaggaccgg ataagttccc ttcecttcatag cgaacttatt 8520
caaagaatgt tttgtgtatc attcttgtta cattgttatt aatgaaaaaa tattattggt 8580
cattggactg aacacgagtg ttaaatatgg accaggcccc aaataagatc cattgatata 8640
tgaattaaat aacaagaata aatcgagtca ccaaaccact tgcctttttt aacgagactt 8700
gttcaccaac ttgatacaaa agtcattatc ctatgcaaat caataatcat acaaaaatat 8760
ccaataacac taaaaaaatt aaaagaaatg gataatttca caatatgtta tacgataaag 8820
aagttacttt tccaagaaat tcactgattt tataagccca cttgcattag ataaatggca 8880
aaaaaaaaca aaaaggaaaa gaaataaagc acgaagaatt ctagaaaata cgaaatacgce 8940
ttcaatgcag tggggaccca cggttcaatt attgccaatt tttcagctce accgtatatt 9000
taaaaaataa aacgataatg ctaaaaaaat ataaatcgta acgatcgtta aatctcaacg 9060
gctggatcett atgacgaccg ttaaggaaat tgtggttgtce ggacgaagtc cagtaataaa 9120
cggcgtcaaa gtggttgcag ccggcacaca cgagtcgtgt ttatcaactc aaagcacaaa 9180
tacttttecct caacctaaaa ataaggcaat tagccaaaaa caactttgcg tgtaaacaac 9240
gctcaataca cgtgtcattt tattattagce tattgcttca ccgecttage tttetegtga 9300
cctagtegte ctcecgtcectttt cttettette ttctataaaa caatacccaa agagctcette 9360
ttcttcacaa ttcagatttc aatttctcaa aatcttaaaa actttctcte aattctctcet 9420
accgtgatca aggtaaattt ctgtgttcct tattctctca aaatcttcga ttttgtttte 9480
gttcgatcec aatttcgtat atgttctttg gtttagattc tgttaatctt agatcgaaga 9540
cgattttctg ggtttgatcg ttagatatca tcttaattcect cgattagggt ttcatagata 9600

tcatccgatt tgttcaaata atttgagttt tgtcgaataa ttactcttcg atttgtgatt 9660
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tctatctaga tctggtgtta gtttctagtt tgtgcgatcg aatttgtcga ttaatctgag 9720
tttttectgat taacagatgc agatctttgce catggcgege tcectccaaga acgtcatcaa 9780
ggagttcatg cgcttcaagg tgcgcatgga gggcaccgtyg aacggccacg agttcgagat 9840
cgagggcegag ggcgagggcece geccctacga gggcecacaac accgtgaage tgaaggtgac 9900
caagggcggce cccctgcect tegectggga catcctgtece cecccagttee agtacggcetce 9960
caaggtgtac gtgaagcacc ccgccgacat ccccgactac aagaagctgt ccttecccga 10020
gggcttcaag tgggagcgcg tgatgaactt cgaggacggce ggcgtggtga ccgtgaccca 10080
ggactcctee ctgcaggacg gctgcttcat ctacaaggtg aagttcatcg gcgtgaactt 10140
ccectecgac ggccccgtaa tgcagaagaa gaccatggge tgggaggcect ccaccgageg 10200
cctgtaccee cgcgacggceg tgctgaaggg cgagatccac aaggccctga agctgaagga 10260
cggcggcecac tacctggtgg agttcaagtc catctacatg gccaagaagce ccgtgcaget 10320
gcceggctac tactacgtgg actccaaget ggacatcacce tcccacaaac gaggactaca 10380
ccatcgtgga gcagtacgag cgcaccgagg gccgccacca cctgttcectg tagatggagt 10440
acacaaacag tgatgatgct acaaatgaaa aactcattga aaatggcagc tcttcatcat 10500
cttctcaacc cagaaagggt ggtttaagaa ccatgccctt tatcatagtg aatgagtgtce 10560
ttgagaaagt ggcaagttat ggaataatgc caaacatgat attatacttg agggatgatt 10620
ataacatgcc tattgctaag gctagttatg ttctttctac ttggtctget atgtceccaatg 10680
ttttgtccat ctttggtget tttctetcectg attcttactt gggtegette aatgtcatca 10740
ctattggctc cttttctage cttcecttggtt taaccgtttt gtggttaact gccatgatcce 10800
cggtgctaaa acctacctgt gcatcactct ttgaaatctg taattctget acttcatcce 10860
aacaagcagt tctgttcctt tecttaggat taatttcaat tggagectggt tgtgttagac 10920
cttgttceccat agcctttgga gcagagcaat tgactattaa gggaaattct ggtgatggga 10980
atggcaggat cttggatagt tactttaatt ggtattatac ctcaatttca gtttcaacca 11040
ttatcgegtt gagtgtgatt gcecttacattc aagaaaacct tggatggaaa attgggtttg 11100
gagtacctgce tgtgctaatg ctcegtatcgg tcatcagttt cattattggt tcaccgttat 11160
atgtcaaagt gaagccaagt gaaagcttac tcactaattt tgcaagagta gttgtggtgg 11220
caaccaagaa cagaaaactt agtcttcctg atcacgactce tgatcgttac tgtcaaggtce 11280
atgattcaaa gctgaaggtt cctaccgata gccttaggtt tttgaacaaa gcttgcegtaa 11340
taagaaatcc tgagacagat cttaatcgag atgggtcaat ttcaaatccg tggaacctat 11400
gcacaataga acaggtggag tcactgaagt ctttgctcag agtcattcct atgtgatcaa 11460
cgggaatctt tatgatggcg actcagagtt cattttctac tcttcaagcc aaaactttga 11520
accgaacgtt attcggcaat ttcaattttc ctgcaggatc gttcaatctt atcttgatat 11580
tcaccttaac aatagtaatt cctttatatg accgtgtagg agtacctcta ctagctaaat 11640
acgcaggccg gcctagagga ttcagtttta aagtccgcat cgggatagga atgctgtttg 11700
caattgtagc taaagcagta gcagctattg ttgaaacggt gagacgaaat gcagcgattg 11760
aacaagggtt tgaggaccaa cctaatgctg aaattaacat gtcggecttta tggcttgecte 11820
cagagtttat tttgtttgga ttcgccgaag ctttcacacce agttggactg gttgagtttt 11880
tctactgttt tttccctaag agtatgtcta gttttgcaat ggctatgttc acattgggac 11940
tagcttgtte tgacgtagtt tcaggtgtgce ttgtgagcat tgtggacacg gtcactagta 12000
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ttggagggaa tgagagctgg ttatcgacta acatcaatag gggacatttg aattactact 12060
acgggctact cactttctta ggcattctta actacttcta ttatcttgtt atttgttggg 12120
cttatggacc catacaggga gagaaacatg aagattcggce cagaaagaaa gacgataaat 12180
ttggttacag ggagttgcct acttcatagg ttcttaagat tgaatcctgt tgccggtcectt 12240
gcgatgatta tcatataatt tctgttgaat tacgttaagc atgtaataat taacatgtaa 12300
tgcatgacgt tatttatgag atgggttttt atgattagag tcccgcaatt atacatttaa 12360
tacgcgatag aaaacaaaat atagcgcgca aactaggata aattatcgcg cgcggtgtca 12420
tctatgttac tagatcgggc ctaactcaaa atccacacat tatacgagcc ggaagcataa 12480
agtgtaaagc ctggggtgcc taatgcggcce gccatagtga ctggatatgt tgtgttttac 12540
agtattatgt agtctgtttt ttatgcaaaa tctaatttaa tatattgata tttatatcat 12600
tttacgtttc tcgttcaget tttttgtaca aacttgtttg atagecttggce gegcctcgag 12660
ggggggcceceg gtacccgggg atcctctaga gtcgacctge aggcatgegg cactggecegt 12720
cgttttacaa cgtcgtgact gggaaaaccc tggcgttacce caacttaatc gecttgcage 12780
acatcceccect ttcegeccaget ggcgtaatag cgaagaggcce cgcaccgatc gecctteccca 12840
acagttgcgce agcctgaatg gcgaatgcta gagcagcttg agcettggatc agattgtegt 12900
ttccecgectt cagtttaaac tatcagtgtt tgacaggata tattggcggg taaacctaag 12960
agaaaagagc gtttattaga ataacggata tttaaaaggg cgtgaaaagg tttatccgtt 13020
cgtccatttg tatgtg 13036
<210> SEQ ID NO 29

<211> LENGTH: 1511

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 29

gttgtggttyg gtgctttcect tacattctga gectcetttee ttectaatcca ctcatctgea 60
tcttettgtyg tecttactaa tacctcattg gttccaaatt cecteccttt aagcaccage 120
tegtttetgt tettecacag cctceccaagt atccaaggga ctaaagecte cacattette 180
agatcaggat attcttgttt aagatgttga actctatgga ggtttgtatg aactgatgat 240
ctaggaccgg ataagttcce ttcttcatag cgaacttatt caaagaatgt tttgtgtate 300
attcttgtta cattgttatt aatgaaaaaa tattattggt cattggactg aacacgagtg 360
ttaaatatgg accaggcccce aaataagatc cattgatata tgaattaaat aacaagaata 420
aatcgagtca ccaaaccact tgcctttttt aacgagactt gttcaccaac ttgatacaaa 480
agtcattatc ctatgcaaat caataatcat acaaaaatat ccaataacac taaaaaaatt 540
aaaagaaatg gataatttca caatatgtta tacgataaag aagttacttt tccaagaaat 600
tcactgattt tataagccca cttgcattag ataaatggca aaaaaaaaca aaaaggaaaa 660
gaaataaagc acgaagaatt ctagaaaata cgaaatacgc ttcaatgcag tggggaccca 720
cggttcaatt attgccaatt tttcagetce accgtatatt taaaaaataa aacgataatg 780
ctaaaaaaat ataaatcgta acgatcgtta aatctcaacyg gctggatctt atgacgaccg 840
ttaaggaaat tgtggttgtc ggacgaagtc cagtaataaa cggcgtcaaa gtggttgcag 900
ccggeacaca cgagtegtgt ttatcaactc aaagcacaaa tacttttect caacctaaaa 960

ataaggcaat tagccaaaaa caactttgcg tgtaaacaac gctcaataca cgtgtcattt 1020
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tattattagc tattgcttca ccgccttage tttetcecgtga cctagtcecgte ctegtetttt 1080
cttcttette ttctataaaa caatacccaa agagctcttce ttcttcacaa ttcagatttce 1140
aatttctcaa aatcttaaaa actttctctce aattctctet accgtgatca aggtaaattt 1200
ctgtgttecct tattctctca aaatcttcga ttttgttttce gttcgatccce aatttcegtat 1260
atgttctttg gtttagattc tgttaatctt agatcgaaga cgattttctg ggtttgatcg 1320
ttagatatca tcttaattct cgattagggt ttcatagata tcatccgatt tgttcaaata 1380
atttgagttt tgtcgaataa ttactcttcg atttgtgatt tctatctaga tcectggtgtta 1440
gtttctagtt tgtgcgatcg aatttgtcga ttaatctgag tttttctgat taacagatge 1500
agatctttge ¢ 1511

What is claimed:

1. A transgenic plant, or parts thereof, with increased bio-
mass compared to a non-transformed plant of the same vari-
ety, or parts thereof wherein substantially all cells of the plant
have been transformed with a construct comprising a heter-
ologous, constitutive promoter operably linked to a nucleic
acid encoding a protein comprising SEQ ID NO:8.

2. A seed of the transgenic plant, or parts thereof, of claim
1, wherein the seed comprises the construct.

3. The transgenic plant, or parts thereof, of claim 1,
wherein the transgenic plant is a transformed Arabidopsis
thaliana and wherein the parts comprise the construct.

4. A seed of the transgenic plant, or parts thereof, of claim
3, wherein the seed comprises the construct.

5. The transgenic plant, or parts thereof, of claim 1,
wherein the transgenic plant is a transformed Medicago trun-
catula and wherein the parts comprise the construct.

6. A seed of the transgenic plant, or parts thereof, of claim
5, wherein the seed comprises the construct.

7. The transgenic plant, or parts thereof, of claim 1,
wherein the transgenic plant is a transformed tobacco plant
and wherein the parts comprise the construct.

8. A seed of the transgenic plant, or parts thereof, of claim
7, wherein the seed or parts comprise the construct.

9. A method of producing a transgenic plant, said method
comprising: transforming substantially all cells in a plant
with a construct comprising a heterologous, constitutive pro-
moter operably linked to a nucleic acid encoding a protein
comprising SEQ ID NO:8.

10. The transgenic plant produced by the method of claim
9.

11. The method of claim 9, wherein the plant is Arabidop-
sis thaliana.

12. A progeny of the transgenic plant produced by the
method of claim 9, wherein the progeny comprises the con-
struct.

13. The method of claim 9, wherein the plant is M. trun-
catula.

14. The method of claim 9, wherein the plant is a tobacco
plant.
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15. A method for generating transgenic seeds for plants
having an increased biomass, comprising the step of:

(a) multiplying plant cells that contain at least one genetic
transformation event of interest and which are capable of
regeneration; wherein the genetic transformation event
comprises a promoter nucleotide sequence that is
capable of initiating transcription in a constitutive man-
ner of an operably linked heterologous nucleic acid
sequence comprising a nucleic acid sequence encoding a
protein having a sequence of SEQ ID NO: 8 into said
plant cells;

(b) selecting the plant cells that comprise at least one
genetic transformation event of interest;

(c) regenerating a whole transgenic plant, or parts thereof,
termed primary transformants, or T, plants, from said
plant cells;

(d) pollinating said primary transformants with non-trans-
genic pollen;

(e) harvesting the seeds obtained, termed T, which have
integrated at least one transgene of interest;

(f) sowing said transgenic T, seeds and pollinating the
plants which result therefrom, either by self-pollination
or by free pollination; and

(g) harvesting the T, seeds.

16. The method of claim 15, wherein the plant cells are
Arabidopsis thaliana plant cells, Medicago truncatula plant
cells or tobacco plant cells.

17. An isolated transformation vector construct having a
heterologous, constitutive promoter region operably linked to
an expression region having at least 95% homology with
SeqlD No.: 23, SeqlD No.: 24, or SeqlD No.: 25.

18. A transgenic plant, or parts thereof, comprising a con-
struct comprising a heterologous, constitutive promoter oper-
ably linked to a nucleic acid encoding a protein comprising
SEQ ID NO:2 or SEQ ID NO:8, wherein the parts comprise
the construct.

19. The transgenic plant, or parts thereof, of claim 18,
wherein the plant cells are Arabidopsis thaliana plant cells or
a M. truncatula plant cells.

20. The transgenic plant, or parts thereof, of claim 18,
wherein the plant cells are tobacco plant cells.

21. A seed of the transgenic plant of claim 18, wherein the
seed comprises the construct.

#* #* #* #* #*



